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Executive Summary
This research has foundations in collaboration; the collaboration of ideas, agreement on require-
ments and harnessing of benefits. This is fitting for a research subject since research shares the same
virtues. In this section a summary of the research will be provided. The summary will briefly explain
the origins of the research, how the research was proposed. It will then provide a synopsis of the
research methodology and application. The qualitative research case studies will be explained and
the quantitative research discussed. Next the novel and significant research contributions will be out-
lined. Finally, a table detailing the published literature derived from this research is given with links
to the relevant chapters or sections of the thesis.
The research was established with the following research questions:
1. There is no identified assessment metric for analysing disparate regulatory frameworks. Can a
metric be developed that can assess regulatory frameworks?
2. Can this framework be validated utilising airworthiness systems of Air and Space Interoper-
ability Council (ASIC) Nations, providing measurement fidelity of their implementations?
3. In validating the framework, is it possible to develop mutual recognition value-adding analysis
that is capable of providing a platform for clarity in recognition efforts?
4. Can this thesis develop methods for presenting this data in a way that gives immediacy to
comprehension of the assessed airworthiness system?
These research questions led to the development of a research aim:
In the absence of any precedence, this research needs to provide a holistic technical regula-
tory framework assessment method developed without prejudice, which communicates regulatory
framework differences in a manner that is easily understood.
To address this research aim a detailed literature review was required to establish a foundation,
since literature on military airworthiness frameworks was extremely limited. This review focused on
Western military airworthiness frameworks and led to investigation into the current forums and work-
ing groups that bind these militaries to the requirement for a globally applicable recognition platform.
This provides a foundation for later assessment of the Air and Space Interoperability Council Nations.
This motivation resulted in development of an adapted accident causality model focused on as-
sessing a regulatory framework that was developed to preserve technical integrity and thus technical
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airworthiness. Titled the Product-Behaviour-Process (PBP) Bow-Tie, the model developed 57 test
points, which describe a series of questions that relate to the design, production and maintenance of
an aircraft. With a metric based on independence, there is a level of fidelity applied to the assessment.
Figure 1 illustrates the framework which derived the 57 test points for assessing a technical regulatory
framework, each stop sign represents a test point.
Figure 1: The PBP Bow-Tie overlay, represented on this figure are the 57 test points, indicated by the stop
signs, focused only on the left-hand side or the preventative barriers.
Based on the seminal work by Reason and Rasmussen on organisational influence and safety drift,
a scale based on the independence of the attestation made at each test point provided for a scoring
system for regulatory frameworks. This assessment provided data capture, but no easy method of
conveying information, particularly for comparison of regulatory frameworks. The real value of the
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test point and score is derived from the unique visualisation. The developed Iris charts provide, with
knowledge of what is represented, instant understanding of the level of independence associated with
each attestation focused on the preservation of technical integrity. This identifies the areas in which
the regulatory framework requires independence to preserve safety. An example Iris chart, developed
from the civil framework of EASA, with an embedded table of the scoring metric (Figure 2) and how
it can be utilised for comparison with the FAA (Figure 3) is shown below.
Figure 2: The EASA Iris chart - a visual representation of the EASA technical regulatory framework. As
indicated by the table a score of 1 to 5 is indicated by the length and shade of the radial segments.
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Figure 3: An example of a symmetrical comparison Iris chart. This figure shows the EASA technical regula-
tory framework compared to the FAA regulatory framework through the lens of an Iris chart.
The Iris chart was tested, then applied to develop a comparison to be utilised as a platform for
recognition. The two detailed case studies are for recognition activities between the Australian De-
fence Force (ADF) and the United States Army and New Zealand Defence Force (NZDF). The ap-
plication of the PBP Bow-Tie assessment and Iris chart, which included several different methods for
assessment and comparison, proves to be a powerful tool for establishing a platform for recognition.
Finally, the PBP Bow-Tie assessment and Iris chart visualisation is utilised for some quantitative
analysis. This analysis is two-fold; firstly, the military framework assessments are summated to iden-
tify where global military identifies the primacy for technical airworthiness. Next, the five military
frameworks are compared to the two primary civil frameworks; EASA and FAA.
This research developed several novel research contributions, they are:
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1. Development of a novel assessment method based on preventing loss of technical integrity
that could be utilised in any regulatory framework – fundamental is the derivation of 57
axiomatic test points;
2. Development of a unique and powerful visualisation method for the airworthiness frame-
work assessments called the Iris charts;
3. Verification of the ability of the model to offer comparison and provide a platform for
recognition.
4. Utilisation of the dataset to develop an appreciation of the technical airworthiness primacy
utilising summation assessments; and
5. An analytical comparison of the five assessed military airworthiness frameworks against
the two primary civil regulators.
The research has been presented in four academic articles with a fifth in work. One academic
journal paper has been published, two of them have been accepted and are in press. The fourth is sub-
mitted awaiting review and the fifth is still in draft. A summary is presented below, with a reference
to the relevant chapter within the thesis containing the presented research:
Authors, Title and Journal Thesis
1 Purton, L. and K. Kourousis, Military airworthiness management frameworks:
a critical review. Article in press: Procedia Engineering.
Sec. 2,3,4
2 Purton, L., R. Clothier, and K. Kourousis, Assessment of Technical Airwor-
thiness in Military Aviation: Implementation and Further advancement of the
Bow-Tie Model. Article in press: Procedia Engineering.
Sec.
5,6,7,9.2
3 Purton, L., et al., Mutual Recognition of National Military Airworthiness Au-
thorities: A Streamlined Assessment Process. International Journal of Aero-
nautics and Space Sciences, Volume 15(1) pg. 54-62, 2014.
Sec. 9.5
4 Purton, L., et al., The PBP Bow-Tie Framework for the Systematic Represen-
tation and Comparison of Safety Regulatory Frameworks. RAeS Aeronautical
Journal, article in press.
Sec. 9.4
5 Kourousis et al., in work. Journal of Aerospace Technology and Management. Sec.7-11
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Chapter 1
Introduction
There are many contributing factors as to why a greater number of military accidents occur. Primar-
ily, it arises from the role and operating environment. Civilian aircraft fly very simple flight profiles
while military aircraft often fly severe profiles. Yet, since 1944 with the signing of the Convention of
International Civil Aviation, more commonly known as the Chicago Convention [1], there has been
a global organisation with the responsibility for ensuring safe civilian aircraft operations. No such
organisation exists, or is ever likely to exist for military safety. International Civil Aviation Organ-
isation (ICAO) is charged with the responsibility for ensuring safe civilian aircraft operations in a
global context; nevertheless no such organisation exists, or is ever likely to exist, due to the distinct
characteristics of these two aviation domains.
Airworthiness is universally underpinned by regulation and standards. Effective regulation, across
all spectrum’s, dictates the behaviours required of a regulated entity (organisation, agency or person).
A regulated entity subscribes to following the regulations in their business processes (compliance)
and the regulator verifies that the processes and displayed behaviours conform (conformance) to the
regulations[2, 3]. The regulator should be removed from designing the business processes and meth-
ods of conformance to the regulations. This allows unique and specific adoption of the regulations
for the creation of the most practical and pragmatic business process [2].
Currently, the literature surrounding military airworthiness is limited to one conference paper [4]
on the infant Chinese Military Airworthiness system and the lessons gained from other MAAs, as well
as a small number of papers regarding integration standards for Unmanned Aerial Systems (UAS) in
civil and military airworthiness systems [5, 6]. The lack of publications highlights that military air-
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worthiness thinking is generally insular and contrast to the civilian systems, where decisions and
motivations are expected to be widely communicated.
1.1 Civil Aviation Airworthiness
Civil aviation within each country is regulated by Civil Aviation Authorities (CAAs) and regardless
of location, are all required to comply with consistent global standards[7]. To enforce this, all 191
members of the United Nations (UN) have subscribed to the articles of the Chicago Convention [1].
The Chicago Convention was first agreed in 1944 (latest revision in 2006), outlines in 96 articles the
requirements for CAAs in maintaining the safety of civil aviation.
1.1.1 International Civil Aviation Organisation
In the First World War, weapons were fitted onto aircraft fir the first time. At this point, interest
in the air directly above a nation developed. It took until 1919 for the first meeting of 26 countries
in Paris on airspace, they finalised a Convention relating to Air Navigation that granted exclusive
sovereignty over the airspace above their territories. This forever closed the debate that the air should
be treated as the high sea’s and be controlled by no-one. Similar conventions followed, each refining
air travel rules and controls. However, it was an invitation by the United States to Chicago in 1944
that seminally changed air law. Out of this convention there was the important statement on airspace
sovereignty, an exemption of state aircraft and many statements regarding rules for transportation of
personnel and cargo. From this meeting there was an independent agency created; the International
Civil Aviation Organisation which existed in provisional form until 1947.
According to ICAO; The most important work accomplished by the Chicago Conference was in the
technical field because the Conference laid the foundation for a set of rules and regulations regarding
air navigation as a whole which brought safety in flying a great step forward and paved the way for
the application of a common air navigation system throughout the world[8].
ICAO is located on Montreal, Canada, and now provides annexes to the Chicago Convention called
Standards and Recommended Practices (SARPs). These SARPs are provided to all Nations Airwor-
thiness Authorities as the minimum acceptable standard for their airworthiness implementations.
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1.1.2 Universal State Oversight Audit Programme
In an effort to ensure the contemporary principles of airworthiness are addressed, ICAO evolved
their recommendations and standards set. Realising that assessments of organisations disparately
through compliance with a range of Annexes and SARPS was cumbersome, they developed a single
location for all safety related provisions and annexes. This evolution ensures that their regulations are
maintained as world leading. In developing a complete State Safety Management System (SMS) they
published the regulatory set DOC 9734 [9] and Safety Oversight Audit Manual, DOC 9735 [10]. This
regulatory set is presented as eight core elements (CE), while each State is assessed by ICAO against
these elements under the Universal Safety Oversight Assurance Program (USOAP) [11]:
• CE-1 Primary aviation legislation;
• CE-2 Specific operating regulations;
• CE-3 State civil aviation system and safety oversight functions;
• CE-4 Technical personnel qualification and training;
• CE-5 Technical guidance, tools and the provision of safety critical information;
• CE-6 Licensing, certification, authorisation and approval obligations;
• CE-7 Surveillance obligations;
• CE-8 Resolution of safety concerns.
This gives globally accessible information on the maturity of a member states regulatory system.
Identifying areas of each States implementation that perform above or below the global average. Civil
aviation has benefited broadly by a globally consistent approach to regulation and safety assurance,
there has been a downward trend in aviation accidents in the last 30 years [12]. For instance, there are
many agreements between significant aviation nations and regions [13–15] that exist through recog-
nition of the consistent application of the ICAO SARPs. No such system or consistent application
exists for Military aviation. This general but important distinction offers the greatest division of civil
and military airworthiness. Where civil aviation relies on established and understood language and
intent, the military aviation community offers evolutions of similar, yet uniquely military language
with complementary but not consistent regulatory intent.
1.2 Exemption of State Aircraft
The Chicago Convention in Article 3 explicitly excludes ‘state aircraft’ from ICAO oversight. It
implicitly requires that the operation of military aircraft does not impact civilian safety. This direction
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does not in itself require a military unique airworthiness system for military aircraft. Civilian systems
of airworthiness address a majority of military airworthiness requirements. In fact, a majority of the
military frameworks mirror the intent of the underpinning ICAO framework, the distinction is in the
methods of implementation.
This exemption has allowed militaries to develop an airworthiness framework that is safe, but
flexible for operations and risk acceptability. However, without the standards defined by ICAO there
are now many, similarly intentioned yet different, military frameworks utilised globally. This will be
explored further in Chapter 2.
1.3 Significant Civil Regulators
There are civil regulatory organisations for each of ICAOs contracting states. However, there are
two globally prominent agencies that play significant roles within civil aviation. The two agencies that
provide the highest influence to civil aviation are the Federal Aviation Administration (FAA) and the
European Aviation Safety Agency (EASA). These organisations oversight what has been a duopoly of
commercial air transport aircraft providers in Boeing (FAA) and Airbus (EASA). These two aircraft
producers share the skies, with each provider having nearly 8000 aircraft operating, and the orders for
aircraft from each company increasing annually [16, 17]. These two key civil airworthiness agencies
will be explored in the following sub-sections.
1.3.1 European Aviation Safety Agency
EASA are an aviation safety agency established by the European Union to improve the interac-
tion between European Aviation industry and provide a standard level of safety across all of the EU
members. It started as the Joint Aviation Authority (JAA) in 1970, which was initially established
to provide a consistent approach and standard to aircraft certification. Prior to the establishment of
EASA all European nations were responsible for managing their own, slightly unique airworthiness
framework. The European nations did their best to harmonise the airworthiness requirements through
the JAA but there was no rule stipulating it as a requirement to do so. EASA was created by the
European Union in 2003 and reached full functionality in 2008. EASA are the aircraft certifier for
aircraft registered in Europe. They also provide organisational approvals for design, production and
maintenance organisations. The EASA technical regulatory structure will be examined in greater
detail in Section 8.1.
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1.3.2 Federal Aviation Administration
The FAA was one of the earliest rule makers for aviation, having the earliest powered flight in their
territories in 1903 [18], it was a logical progression to establish rules for aviation. The FAA has had
many different identities in it’s history. Beginning as the Aeronautics Branch in 1926 through to it’s
current name given in 1967. During this period the purpose of the FAA has evolved from a depart-
ment charged with handling feuds between infant commercial transport companies to an independent
administration of a globally significant coordinated transport industry. The FAA provide regulations
for the full spectrum of ICAO requirements and are currently working towards improving the air
transportation system through the US NextGen system. The FAA technical regulatory structure will
be examined in greater detail in Section 8.2.
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Chapter 2
Military Aviation Airworthiness
2.1 Introduction
There is no global defining document for military airworthiness, however, although it is not ex-
plicitly stated, sovereign authorities must ensure their military aircraft are at least compliant with the
civilian requirements [1]. Further, military aircraft operate at elevated risk levels, as required by oper-
ational necessity, and are often required to carry explosive ordnance. This requirement precludes the
military from wholesale adoption of civil airworthiness frameworks. For this reason there are numer-
ous, similarly intentioned, but very unique military airworthiness systems across the globe [19–24].
Generally, military airworthiness management systems are separated into spectrum’s of focus [25],
underpinned by specific regulation and standards to ensure all interaction with aircraft and aviation
systems are correctly over sighted to assure safety. In particular these spectrum’s are summarized as
following:
• Operational airworthiness, governing the utilization of aircraft by aircrew and control of airspace;
• Technical airworthiness, specifying the requirements for the aircraft when being designed, pro-
duced or maintained;
• Logistics and support, assuring correct product is used for production and maintenance;
• Aviation safety, focusing on the requirements for safe human interaction within the airworthi-
ness system;
• Aviation accident and incident investigation, ensuring that identified areas of error or concern
inform modifications to the airworthiness framework.
A holistic military airworthiness system should encapsulate all of these elements, nevertheless
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there needs to be a risk based assessment available to the capability managers. When there is an oper-
ational necessity that the aircraft be flown, airworthiness risks can be accepted by the operators. This
is a distinction from civil aviation, were un-airworthy aircraft are never permissibly flown. MAAs
derive their authority through many different mechanisms. For instance, the United Kingdom and
French militaries are given legislative authority by the Government through Decrees for assuring De-
fence aviation safety. While the Australian and USA Department of Defence militaries are directed
through Defence specific policy. While the mechanism for empowerment does not affect the ability
of the airworthiness management framework to assure aviation safety, it does modify the mechanisms
the MAA utilise to enforce compliance and conformance.
Importantly, there is only one paper that reviews military aviation [4]. This paper identifies some of
the US airworthiness documents that pertain to certification. It does not offer any significant research
outcomes. This review has highlighted a distinct lack of research pertaining to military aviation.
Therefore, to provide a platform for research into military aviation a wide review of military air-
worthiness frameworks was conducted. This chapter will provide a synopsis for some key Western
militaries. It will mainly focus on militaries involved in the Five Eyes agreement, namely; US Army,
US Navy, US Air Force, UK Military, Canadian Department of National Defence, Australian Defence
Force and New Zealand Defence. However, the French military has been included as the French de-
fence industry is becoming significant in Western aviation.
The synopsis will highlight how each military derives its authority, the key airworthiness docu-
ments and how they interact across engineering, maintenance and operations. A summary table is
given in Section 2.11.
2.2 United States Department of Defence (US DoD)
Consistent with global policy, the Federal Aviation Authority (FAA) treats US DoD aircraft as pub-
lic aircraft (within US airspace and state aircraft when outside of US airspace) [26] and are exempt
from FAA airworthiness procedures. The US DoD, comprising United States Air Force (USAF), US
Navy (USN) and U.S. Army, derive their authority through the United States Code [27] and under
this authority the services enact their role as MAAs, through the relevant Secretary. With individ-
ual policy documents directing a similarly intentioned yet unique airworthiness framework, and the
Defence Industry of the United Stated being so prevalent in global Defence aviation, it is paramount
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that Global Defence Aviation understands the intricacies of the unique implementations. Recently,
the US DOD issued a joint Airworthiness Policy [28] outlining the derivation of authority and key
requirements of the airworthiness system. This Policy specifies the responsibilities of the DOD or-
ganizations coordinating airworthiness of military aircraft on behalf of the government. Moreover,
it allows for the arms of the US DOD to accept each others certification of aircraft, if they will be
operated with the same configuration, role and environment.
A further requirement of the instruction, which has driven closer examination of military airwor-
thiness, is the requirement for US DOD personnel safety on foreign aircraft. Each US DOD airwor-
thiness authority is required to ensure the aircraft US DOD personnel are flying on have a comparable
level of safety to US DOD aircraft. This has triggered reviews of foreign MAAs including the Air
and Space interoperability Council (ASIC) countries.
2.3 United States Air Force (USAF)
Within the USAF, the Air Force Life Cycle Management Centre (AFLCMC) is responsible for the
airworthiness system. The USAF focuses on Aircraft Airworthiness Certification in their airworthi-
ness policy document [29], while this policy directive is implemented by a subordinate Air Force
Instruction [30]. In analysing the linkages between the policy document and instruction, it is imme-
diately apparent there are no discernible connection between statements in the policy and processes
in the instruction. The USAF airworthiness system primarily focuses on technical airworthiness. In
their latest revision, a significant evolution [31], USAF have adopted the increasingly popular step of
identifying the Director of AFLCMC as the Technical Airworthiness Authority (TAA) who:
• Defines airworthiness standards;
• Approves certification basis;
• Issues compliance findings;
• Issues Military Type Certifications and other flight releases.
There is a heavy reliance on assuring airworthiness through design, with only limited reference
made to the requirements for operational and aircraft maintenance considerations. While the USAF
definition of Airworthiness identifies clearly the role of usage and limits in airworthiness assurance,
the associated operational airworthiness aspects are addressed very briefly in the airworthiness in-
struction. The USAF derives all other requirements for Airworthiness (operational and continuing)
from this caveat. There exists other policy documents [32] and supporting instruction [33] for aircraft
21
maintenance without identifiable links to the policy and instructions on airworthiness. Compliance
with the policy document and instructions on maintenance are mandatory, however it is the responsi-
bility of the maintenance unit and hierarchy to enforce compliance (self-regulation). This disconnec-
tion from an independent assessment, as is the case with design and aircraft certification through the
TAA, offers opportunity for maintenance complacency.
2.4 US Navy
Within the US Navy the Chief of Naval Operations has established the Commander of Naval Air
Systems Command (referred as AIR-00), as the person responsible for the airworthiness system of
both Navy and Marine Corps aircraft. AIR-00 has the authority, responsibility, and accountability to
establish, monitor and approve technical standards, tools, and processes in conformance with appli-
cable DoD and US Navy/Marine Corps policy, requirements, architectures, and standards [34].
All US Navy/Marine Corps owned or leased aircraft, both manned and unmanned, need to have
an airworthiness approval in the form of a flight clearance document promulgated/issued by AIR-00
[35]. AIR-00 has delegated airworthiness authority to the Airworthiness Office of the Naval Air Sys-
tems Command (referred as AIR-4.0P) to execute on his behalf. The US Navy airworthiness policy
focuses on flight clearance for aircraft, which is the aircrafts airworthiness approval, granted by AIR-
4.0P, at the assessment of an aircraft’s airworthiness and safety of flight, and ensures all risks have
been identified as described in their primary airworthiness document [22]. This document conveys
not only policy and responsibilities, but outlines the processes for exercising airworthiness reviews
and applying for and issuing processes. It includes the processes for AIR-4.0P staff to fulfil their
responsibilities. The blending of policy, responsibilities and processes creates a singular point of
reference regarding this topic; however, discerning the airworthiness requirements from the string of
text outlining responsibility and process is confusing.
The flight clearance process is well defined, outlining the procedure from start to finish. This in-
cludes a process map, applicants and AIR-4.0P staff are well aware of their requirements, particularly
surrounding documentation, with the Systems Engineering Technical Review detailing the process to
follow for aircraft certification. Interestingly, there is no maintenance requirements directly outlined
in the airworthiness policy. The instruction states that NAVAIR flight clearances are only valid when
maintained in accordance with the USN maintenance document [36] and/or NAVAIR approved main-
tenance plans. The instruction assigns authority to Commander Naval Air Forces (COMNAVAIR-
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FOR) for assigning maintenance responsibilities and tasks. The maintenance processes are outlined
in the Naval Aviation Maintenance Process (NAMP) [36] managed under the authority of AIR6.0.
The instruction has again blended requirement, responsibility and process. It includes authoritative
statements with accompanying management processes. There are detailed requirements for quality
checks for the three levels of maintenance.
2.5 US Army
The US Army defines their airworthiness policy in the US Army Regulation 70-62 Airworthiness
Qualification of Aircraft System [23] . In the section on responsibilities it outlines that the Deputy
Chief of Staff is the proponent for the airworthiness of Army aircraft. It is then the responsibility
of the Commanding General, US Army Aviation and Missile Command to act as the airworthiness
approval authority. The US Army policy focuses on the airworthiness qualification of aircraft systems,
subsystems, and allied equipment. This includes all aviation materiel and aircraft that are; Army
assigned, bailed, borrowed, loaned, leased, owned or otherwise authorised for operation by Army
personnel. The airworthiness qualification of Army aircraft is characterised in three components:
• The first basis for an airworthiness determination is an assessment of the aircraft systems and
subsystems design and performance against relevant aeronautical design standards.
• The next basis is ensuring there are prescribed limits covering the full spectrum for safe and
reliable use and maintenance of the aircraft systems and subsystems.
• Lastly, there is a requirement for continued airworthiness based on correct operations, current
and compliant maintenance procedures and identification of aviation Critical Safety Item (CSI)
controls [23].
The US Army regulatory set is not constructed in a manner that is easy to understand the linkages,
interfaces and flow of regulatory information. The primary airworthiness document focuses on de-
sign and production of the technical item. There are other distinct regulatory documents for flight
regulations [37], and maintenance [38], but interestingly no direct reference to the operational or
maintenance policy is made in the airworthiness policy document. Further, verifying maintenance
compliance and conformance is a command function, conducted under the Aviation Resource Man-
agement Survey (ARMS) inspection process were negative trends are reported to the airworthiness
authority. Importantly, it is instilled within the regulation that repair organisations must have a quality
management system.
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2.6 United Kingdom Military Aviation Authority (UK MAA)
The United Kingdom (UK) military have undergone a complete regulatory transition following the
RAF Nimrod accident in 2006 [39]. This significant event and subsequent report has led to a sys-
tematic overhaul of the Military Airworthiness system. The Military Aviation Authority (MAA) is a
UK Ministry of Defence (MoD) department, established through the Secretary of State, as the single
independent regulatory body for all military aviation. The MAA was charged with reducing the com-
plexity of the legacy Airworthiness system, which arose from users having to refer to many different
regulatory documents that confused regulation with guidance and information of a non-regulatory na-
ture. Figure 1 details the transition from segmented regulatory application to a hierarchical regulatory
framework that offers clear distinction between policy, regulation and guidance [39].
Figure 2.1: This figure illustrates the airworthiness restructure from recommendations of the Haddon-Cave
report [39]. The MAA changed from a disjointed, segmented and non-hierarchical airworthiness system to a
structured, coherent and hierarchical airworthiness system.
The Regulatory Policy [24] outlines that the Secretary of State for Defence establishes Military
Aviation Authority (MAA) as the single independent regulatory body for all Defence aviation activ-
ity. As the ‘Regulator’, Director General MAA is responsible for providing a regulatory framework,
given effect by a certification, approvals and inspection process for the acquisition, operation and
airworthiness of air systems within the Defence aviation environment. DG MAA is responsible for
providing assurance to Secretary of State that the appropriate standards of military Air Safety are
maintained and is the Convening Authority for Service Inquiries into aircraft occurrences. The air-
worthiness system is underpinned by four key principles elicited in the Haddon-Cave report [39]:
• Leadership; There should be strong leadership from the very top, demanding and demonstrat-
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ing by example active and constant commitment to safety and Airworthiness as overriding
priorities;
• Independence; There must be thorough independence throughout the regulatory regime, in par-
ticular in the setting of safety and airworthiness policy, regulation, auditing and enforcement;
• People; There must be much greater focus on People in the delivery of high standards of Safety
and Airworthiness (and not just in Process and on Paper);
• Simplicity; Regulatory structures, processes and rules must be as simple and straightforward as
possible so that everyone can understand them.
Importantly, it has been recognised that the transition to the regulations is lengthy, therefore the
UK MAA has currently only enforced the new regulatory set on contractor design and maintenance
(DAOS and MAOS) organisations. This means the Defence organisations performing these functions
do not yet operate under the new regulations, this provides disparate requirements for organisations
that may be performing the same functions on the same aircraft.
2.7 Canadian Department of National Defence
The Canadian Department of National Defence is jointly empowered with their civil counterpart
Transport Canada under the Aeronautics Act [40]. It is this statute of law that places upon the Minis-
ter for Defence and the Minister for Transport, the responsibility “for the development and regulation
of aeronautics and the supervision of all matters connected with aeronautics”. Since the legislative
power is derived from the same act for both agencies, there is greater interaction and clearer delin-
eation of responsibilities [20]. In this the Department of Defence is responsible for the regulation of
and supervision of all aeronautics related to Defence.
Within Defence, Director General Aerospace Equipment Program Management is charged with
assuring technical airworthiness. With the Department of Defence adopting, and then evolving in-
dependently, the Australian Defence Force airworthiness system from the late 1990s , there are a lot
of common implementations. The Directorate Technical Airworthiness and Engineering Services is
the responsible for certification of airworthiness aspects of the aircraft. While the Canadian Military
airworthiness system is predominantly engineering (technical) related. They do have a commensu-
rate organisation responsible for operational airworthiness. Importantly, the operational aspect of the
system is only underpinned by rules. That is, they are not supported by legislation and do not en-
force regulation. They are an integral component of the airworthiness system and interact through the
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Record of Airworthiness Risk Management, a decision making process for airworthiness risk [41].
The Department of Defence regularly conducts compliance (at introduction) and conformance (repeat
checks of processes) audits of design, production, maintenance and supply organisations under their
jurisdiction.
2.8 Direction Ge´ne´rale de l’Armement (DGA - French Military Au-
thority)
The French have contributed significantly to Defence Aviation industry, with major manufactur-
ers, as Dassault Aviation and Eurocopter, having produced several military aircraft varieties for nu-
merous militaries throughout the world. While the Defence industry have been traditionally strong,
the airworthiness system has recently undertaken significant evolution to increase its relevance [42].
Historically, French military aviation is governed by requirements rather than regulation, largely fol-
lowing the civilian requirements where applicable. Following several aircraft accidents in 2000/2001
[42], it was highlighted that there was a requirement for airworthiness regulation to add legal pro-
tection. The French Prime Minister issued airworthiness regulation under Decree 2006-1551 along
with three ministerial orders to set rules for the use, airworthiness and registration of military and
state owned aircraft. The Prime Minister also designated the head of Directorate General of Arma-
ments (DGA) as the certification authority (or Technical Authority) for state owned aircraft. Further
authority was given to the Directorate of State Aviation Security (DSAE) to establish the rules for
continuing airworthiness and organisational approvals. DSAE operates with the airworthiness title of
Aviation Safety Authority. The French airworthiness system is promulgated through two DGA issued
instructions on:
• The essential requirements and additional provision for airworthiness of military and state
owned aircraft [43]: This instruction caters for initial airworthiness assessments through type
certification and initial flight clearance;
• The requirements for continuing airworthiness [21]: It provides the acceptance criteria for
organisations and personnel that are designing, producing and maintaining the military or state
owned aircraft.
This implementation largely mirrors the civil European Aviation Safety Authority (EASA) and
more closely the infant European Defence Agency (EDA) implementation. This close alignment with
the civilian regulatory system reduces the regulatory overheads on French Defence industry.
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2.9 Australian Defence Force (ADF)
The Australian Defence Force derives its airworthiness authority through Department of Defence
policy. The policy document (Defence Instruction) [19] describes Defences’ responsibility for as-
suring the aviation safety of aircraft used for Defence purposes. This includes design, construction,
maintenance and operation of any aircraft or Aviation Support System:
• Owned, leased, hired or chartered by Defence;
• Operated exclusively for or on behalf of Defence;
• On which The Civil Aviation Safety Authority has placed statutory airworthiness responsibili-
ties on Defence.
The Defence Instruction, signed by the Chief of the Defence Force and the Secretary for Defence,
assigns responsibility to the Chief of the Air Force as the Defence Airworthiness Authority, he enacts
his responsibility through the Defence Aviation Safety Program Manual [44]. This Defence Instruc-
tion also assigns responsibility to the Deputy Chief of Air Force as the Operational Airworthiness
Regulator, whose regulations are defined through the relevant Operational Airworthiness Manual
[45]. Authority is assigned to the Director General Technical Airworthiness as the Technical Air-
worthiness Regulator and the Technical Airworthiness Authority whose regulation is outlined in the
Technical Airworthiness Maintenance Manual [46]. This joint empowerment of key airworthiness
personnel, and closer alignment of objectives, was derived from a review of the Haddon-Cave re-
port including recommendations leading to a coherent approach to aviation safety by the four key
airworthiness appointments and supporting agencies. Importantly, the overarching policy document
outlines the requirements of each program appointment including the requirements for regulation and
compliance including the principles for regulation development [19]. Director General Technical Air-
worthiness is head of Directorate General Technical Airworthiness of the Australian Defence Force
and enacts his responsibility to prescribe regulation and verify compliance and conformance to those
regulations as the Technical Airworthiness Regulator. The Director General is also responsible for as-
sessing technical acceptability of Defence aircraft, technical aspects of Aviation Support Systems and
communicates technical risks to the relevant Operational Airworthiness Authority. The acceptabil-
ity is assessed against standards (not regulations) outlined in the Airworthiness Design Requirement
Manual [47]. Figure 2.2 displays the airworthiness command hierarchy.
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Figure 2.2: The hierarchical nature of the Australian Defence Force airworthiness authorities, this framework
is detailed in [19].
The Technical Airworthiness Management Manual provides the median for conveying Technical
regulation. It is underpinned by principles stating that organisations which design, construct or main-
tain aviation materiel are to be authorised by the Technical Airworthiness Regulator, have competent
personnel, utilise documented processes and have access to authoritative data [46]. Of note, there is
only weak production oversight by the regulator within the ADF. This is a direct result of there being
no native aircraft production.
A major evolution of the technical regulatory structure occurred in the 1990s following significant
aircraft accidents contributable to engineering processes and decisions (Nomad 1990, Macchi 1990).
Further evolutions to regulatory approach in maintenance practice occurred following a crash in 2002
of the Sea King conducting aid relief in Indonesia [48]. The latest evolution, triggered by the Nimrod
crash and subsequent reviews, is towards a holistic aviation safety program for Defence. Further mod-
ifications have been triggered due to identification of regulatory inefficiencies and uncertainty driving
increased cost to Defence, particularly from Defence Industry driven by Defence fiscal constraints
[49]. This triggered identification of where organisations have employed methods which exceed the
requirements of the regulations and investigation of closer alignment with civil aviation requirements.
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2.10 New Zealand Defence Force (NZDF)
The NZDF derives its authority through Defence policy. the policy document [50] outlines that the
Chief of Air Force (CAF) has been assigned responsibility by Chief of Defence (CDF) for the NZDF’s
airworthiness authority. The CAF has in turn assigned responsibility for operational airworthiness to
the Air Component Commander. Similarly, responsibility for managing technical airworthiness has
been delegated to the Royal New Zealand Air Force’s Chief Engineer in his capacity as the NZDF’s
Technical Airworthiness Authority (TAA). All three individuals effectively have dual responsibilities;
those that they must achieve to meet their core outputs and those they carry in the interests of airwor-
thiness.
Technical Airworthiness is facilitated through a variety of NZDF units, some of which fall under
the direct command of the TAA and some of which don’t. Nonetheless, all are responsible to the
TAA through mandatory compliance with DFO92 [50] and the regulations detailed in [51]. Before
an individual can approve an engineering change to an NZDF aircraft outside the normal provisions
afforded by OEM manuals they must have Delegated Engineering Authority (DEA) from the TAA.
The DEA afforded to individuals is not only reflective of their rank, qualifications, and experience but
also their competence and specific job requirements; hence letters of DEA (authorising the individual)
are normally customised to suit each situation.
The NZDF regulatory structure has evolved to have a clearer policy, regulation and procedural
heirarchy. The document hierarchy is illustrated in Figure 2.3.
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Figure 2.3: The hierarchical nature of the New Zealand Defence Force airworthiness documents.
Of note, as shown in Figure 2.3, the NZAP 6000 appears as both a regulatory and process docu-
ment. This causes some confusion within the NZDF when attempting to separate regulatory require-
ments from good processes.
2.11 Summary of Military Aviation Airworthiness characteristics
The Military Airworthiness Authorities (MAAs) discussed in the previous sections all have differ-
ing implementations to assure airworthiness. Each method has its own unique focus, deriving their
authority through a variety of measures. As a method of summary, the salient points for each authority
are presented in Table 2.1.
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Agency Authority
Derivation
Airworthiness
Focus
Strengths Weaknesses
US Air
Force
Secretary of the
Air Force
(Policy)
Aircraft
Certification –
Technical,
considers usage
and limits
Focuses on Design –
maintenance and op-
eration through air-
worthiness definition
caveat
Reliance on assuring
airworthiness through
design, loose links to
maintenance or oper-
ations
US Navy Secretary of the
Navy (Policy)
Flight
Clearance –
Technical
Robust design consid-
eration surrounding
issuance of a Military
Type Certification
processes. Considers
safety of flight within
Airworthiness
Maintenance and op-
erations distinct from
airworthiness.
US
Army
Secretary of the
Army (Policy)
Airworthiness
Qualification –
Holistic
approach in
three stages
Three stages support
holistic airworthi-
ness, process in place
for recognition of
other MAAs. Strong
product focus.
No airworthiness
organisation main-
tenance assurance,
self-regulation within
command
UK
Defence
Secretary of
State for
Defence
(Parliamentary
Decree)
Holistic
Military Air
Safety
Aligned technical,
operational and avia-
tion safety. Technical
airworthiness regula-
tions revitalised and
now stand alone in
their implementation
New system with reg-
ulations presented in
new format. Contrac-
tors have different re-
quirements.
Canadian
Defence
Aeronautics Act
(Legislative)
Engineering,
Maintenance
and Operations
Close ties to civil au-
thorities. Interacts
well with operational
authorities.
Regulations under-
pinned by legislation
are difficult to modify
French
Defence
Prime Minister
Decree
(Legislative)
Holistic
Engineering and
Maintenance
Close alignment with
civilian implementa-
tion.
Original focus on le-
gal protection rather
than aviation safety
Australian
Defence
Force
Secretary of
Defence and
CDF (Policy)
Holistic –
aligned focus
for Engineering,
Maintenance
and Operation.
Rewritten pol-
icy closely aligns
purpose of key air-
worthiness positions.
Evolution of technical
airworthiness manual
has resulted in con-
fusion around actual
requirements. Weak
production oversight.
New
Zealand
Defence
Force
CDF (Policy)
Holistic - clear
links between
Engineering,
Maintenance
and Operations
Process driven system
enables smaller force
operations
Reliance on process
rather than regulation,
dual-hatted key per-
sonnel
Table 2.1: Presents the salient points for each MAA, this includes; the method they use to derive their
authority, airworthiness focus points, strengths and weaknesses in the framework.
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Chapter 3
Allied and Collaborative Military
Airworthiness Forums and Councils
Since World War II military forces have become increasingly reliant in their allies. For that reason
a number of coalition councils and forums have been established, primarily to establish standards
that enable the forces to utilise combined assets. In military terms, utilising pooled assets and allied
aircraft and support equipment, is creating a force multiplier. These councils and forums have evolved
beyond this, realising there are further benefits. This chapter introduces some some of the key forums
and councils and highlights some of their motivation for improvements.
3.1 European Defence Agency
The EU was stimulated into action by a ground swell of pressure from the European defence in-
dustry. For instance, an individual parts producer can supply every civilian aviation company with
the same European Aviation Safety Agency (EASA) certification for product X, who since 2002 has
provided harmonised requirements for civil aviation. The same parts producer may then have to cer-
tify the same product in accordance to the standards and procedures of other MAAs in the United
Kingdom (UK), Spain, Italy, Greece and Sweden in order to supply product X. The producer would
also be subject to audit requirements from all of the MAAs. The process overheads required for the
parts producer escalated the costs of supplying the parts, burdening the European defence industry.
The additional burden arises from military airworthiness being managed at a national level, with no
harmonisation below large multi-national aircraft projects [52]. Recognising the need to address this
situation, the EDA established a project to harmonise the airworthiness requirements and streamline
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certification processes. The Military Airworthiness Authorities (MAWA) Forum was established by
the EDA in 2008 with 26 participating MAAs from with the EU. The goal of the MAWA Forum is to
harmonise the national military regulations of each participating MAA through the development of
a common European Military Airworthiness Requirement (EMAR) set. The EMARs can be imple-
mented and enforced by each of the participating MAAs, harmonising the airworthiness requirements
without compromising the sovereign rights of each country. The efforts and work of the Military
AirWorthiness Authorities (MAWA) forum are further explained in Section 3.2.
3.2 Military Airworthiness Authorities Forum
The Defence Ministers of the 26 participating Member States tasked the EDA to prepare for the cre-
ation of a formal European Union-wide Forum for Military Airworthiness Authorities and to propose
a roadmap for European military airworthiness harmonisation and how this could be implemented
[53]. The MAWA forum was established in 2008 under a roadmap with seven ministerially agreed
objectives; common regulatory framework, common certification processes, common approach to or-
ganisational approvals, common certification/design codes, common approach to preservation of air-
worthiness, arrangements for recognition and formation of a European Military Joint Airworthiness
Authorities Organisation [54]. The primary aim of the MAWA Forum is to harmonise the national
military airworthiness regulations of the pMS. It will achieve this by developing a common set of
EMARs, Acceptable Means of Compliance (AMC) and Guidance Material (GM) that are acceptable
and can be implemented into national regulation by all members of EDA [53]. The MAWA forum
efforts are broken down into four task forces:
• Task force 1 led by the UK MAA, is charged with development of the airworthiness framework
documents;
• Task Force 2, UK led, is charged with considering initial certification issues;
• Task Force 3, which is French led, is examining continuing airworthiness requirements;
• Task Force 4, led by the Italian military, is tasked with defining the certification basis for air-
worthiness.
Further to harmonising the military airworthiness requirements, the EDA has published a process
for recognition of airworthiness findings/certifications made by another participating MAA. The pur-
pose of this is to leverage off the common airworthiness requirements and utilise another nations
oversight to minimise regulatory effort, and minimise the burden on Defence operators and industry.
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The European Military Airworthiness Document – Recognition (EMAD-R) [55] details the require-
ments of, and process for, recognition of another MAA. The EMAD-R depends on the EMARs, with
one of the first steps of the recognition process requiring establishment of a baseline for compliance
to the EMARs. From this platform the countries exchange a Military Airworthiness Requirements
Question-set (MARQ) that addresses four components of technical airworthiness: 1) airworthiness
authority (always invoked), 2) inspection, 3) production and 4) aircraft certification (MARQs 2, 3 and
4 invoked as required) [56].
The MARQ exchange is a three-step process involving; self-disclosure, information exchange, cri-
tique, and the gathering of evidence to address issues or differences raised. The MARQ has derived
its air safety goals from the requirements of the ICAO airworthiness manual [25] and elements of the
ICAO Safety Oversight Manual [9]. This foundation gives the MARQ a globally significant identity,
although the derivation of the questions based on these documents is disjointed, particularly with the
references to the ICAO documents having been removed from the MARQ. This removes the ability
to verify that the provided statement fulfils the requirement of the ICAO document from which it
was derived. Removing this link, and underpinning requirement, requires the MAA completing the
MARQ to determine when they have satisfied the ICAO derived air goal [57]. Further, the MARQ
is only a subset of the requirements provided in the ICAO manuals. The subset chosen lacks justifi-
cation. This has created uncertainty in the scope of the MARQ and whether the safety assessment is
comprehensive.
The EMAD-R process requires that the two MAAs enter into an agreement for an identified pur-
pose. This may be for any of the technical airworthiness components or sub-components identified
within the MARQ. For instance, the UK and French military airworthiness authorities have trialled
the EMAD-R process for recognition of A400M maintenance oversight. The initial steps (there are
23 in total) of the EMAD-R process are illustrated in Figure 3.1. The trial program was a success,
with a recognition certificate signed by both parties in May 2013 for recognition of EMAR Part 145
organisational approvals and shared audits [58]. While the benefits of the trial program have yet to be
fully quantified and realised, the process was successful in generating a recognition agreement based
on known compliance to EMAR 145 and the MARQ assessment.
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Figure 3.1: The initial steps of the EMAD-R process. The EMAD-R process begins with identifying a need
for recognition and then developing an agreement to pursue recognition. Within the agreement legislative
considerations, resourcing and times are defined then a baseline is established (normally determination of
compliance to the EMARs) and the MARQ assessment is scoped. Then differences, both in resourcing, times
and baselines are resolved. The agreement is formalised and then MARQs are completed and exchanged.
Unfortunately, the process is weak when used outside of the EU, particularly in two of the primary steps,
shown in grey.
However, the EMAD-R process cannot be readily applied outside of the EU, due to the absence
of a recognised compliance to the EMARs. It was highlighted that its utilisation outside of the EU is
possible [59] but that it has a high dependency on the EMARs, which weren’t developed with input
from non-EU MAAs. Despite this deficiency, the EMAD-R process has been adopted by the Air and
Space Interoperability Council (ASIC) [60].
3.3 Air and Space Interoperability Council
The Air and Space Interoperability Council (ASIC), was formed as the Air Standardisation Coordi-
nation Committee in 1948 to manage the Air Standardisation agreement between Canada, the United
Kingdom and the United States [61]. In 1965 it expanded to include Australia and New Zealand. The
Air Standardisation Coordination Committee sought to promote interoperability, through standardi-
sation, across the spectrum of expeditionary warfare and share relevant information and technology.
This concept remains as valid today for ASIC as it was in 1948. The organisation went through trans-
formation and re-branding in 2005 to reflect the current global strategic environment, and a renewed
emphasis on coalition expeditionary operations. The council has many established Working Groups,
these are long standing and they cover: Agile Combat Support, Aerospace Medicine, Air Mobility,
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C2 & ISR (Command, Control and Information, Surveillance, Reconnaissance), Force Application,
Force Protection, Fuels and Multifora Platforms [61]. These working groups are responsible for the
publication of Air Standards that all five member Nations subscribe too, allowing for greater interop-
erability in their expeditionary forces.
ASIC have also established some shorter term project/working groups. The most relevant is the
Airworthiness Working Group. There is limited information publically available; however, the Air-
worthiness Working Group was established in 2011 to develop a robust, yet pragmatic, recognition
process for the ASIC nations. Driven by progress made by the UK and MAWA, the task was given
to the ADF to analyse the Question Sets from the EDA to identify if the recognition process could
be adopted by ASIC. Examination of the MAWA question set [56] showed there is too much depen-
dency on the EMARs for the questions to be immediately transferable. For instance, it assumes that
airworthiness frameworks all utilise organisational approvals. This is the European approach, and
differs from what is seen in the United States. However, at the latest Airworthiness Working Group,
the ASIC nations ratified the EMAD-R process for adoption within ASIC, understanding that there
is reliance on the EMAR documents that will have to be overcome. The first recognition activity, be-
tween the US Army and UK MAA was completed in October 2013, and the process appears to have
been successful with the issue of a recognition certificate, although, there has been no progression on
realising benefits.
3.4 US DOD Harmonisation
The United States Department of Defence has initiated a harmonisation project to identify where
the US Air Force, Navy and Army can begin to align their airworthiness policy. They have developed
an Extended Military Handbook that details a comprehensive list of all potentially applicable stan-
dards relevant to achieving Airworthiness Certification [62]. They then established a Memorandum
of Agreement [63] between the services detailing that there is no requirement to re-certify aircraft
based on a service specific assessment of provided certification data. This was then replaced by the
Department of Defence Airworthiness Policy, drawing a focus for closer alignment between the air-
worthiness authorities. There has been further work on harmonisation within the services; resulting
in the release of the Department of Defence Instruction [28] which will drive the services to interact
more closely to reduce costs.
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3.5 NATO Airworthiness Working Group
NATO, while not a sovereign body, do own, operate, lease and charter aircraft to support opera-
tions. NATO currently owns Airborne Early Warning and Control (AEWC) and C-17 Globemaster
aircraft. They require NATO member nations to provide aircraft in support of operations and for
transportation of personnel and supplies. They also lease/charter aircraft from non-NATO member
nations in support of operations. In all this, they do not have an airworthiness management system,
and are assumed liable for operation of these aircraft. Further, the NATO acquisition process does not
account for airworthiness, NATO has no organic airworthiness authority, there is no risk assessment
for loss of aircraft and there is not a common set of standards for assessing airworthiness. It has taken
several fatalities; particularly in NATO leased transport aircraft (104 fatalities in 10 years) [64–68],
before the NATO Airworthiness Working Group gained enough momentum to address the inadequa-
cies. The group was founded in 2006 as the Airworthiness Ad-Hoc Working Group, established to
develop a suitable airworthiness policy for application by the North Atlantic Council.
NATO is currently pursuing policy that defines a NATO Airworthiness Executive with sufficient
authority to identify that appropriate airworthiness systems are in place. The focus is on ensuring
liability stays with the relevant NATO recognised authority. This policy is still being developed, but it
does mean that NATO will force all liability for aircraft operating on behalf of NATO on the aircraft’s
registering state. This is perhaps the easiest method for preventing litigation (NATO paid compen-
sation to the 75 families [64, 69]) but in no way does it assure the safety of the aircraft. A more
robust system is being investigated. The system would verify the capacity of the relevant authority to
assure the continued airworthiness of the aircraft. This is more appropriate but requires much greater
resources and offers significant challenge to NATO.
Indications are that the NATO AwWG will be disbanded in its current form and an official NATO
Airworthiness Advisory Board will be established to advise the NATO Airworthiness Executive. This
is expected to be confirmed in 2014.
3.6 Interconnection of Militiaries
As the previous sections assert there are many unique implementations aimed at assuring airwor-
thiness; and in this paper particularly, technical airworthiness. Each of the technical airworthiness
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authorities aforementioned interacts with each other; some relationships are strong while others are
very remote. For instance, the US Services (USAF, USN and US Army) work with both ASIC and
NATO airworthiness working groups, while the UK is working within the EDA, ASIC and NATO.
Figure 3.2 illustrates the interconnections of the MAAs documented within this paper.
Figure 3.2: Displays the interconnection of the MAAs mentioned and their interaction throughout the global
council, forums and working groups. This interconnection makes these key militaries significant global moti-
vators in regulation change.
Importantly, it should be noted that ideas and collective thinking from one forum or working group
are easily transported to the others. Examples of this are in the regular adoption of the ASIC interoper-
ability standards as STANAGs within NATO, and the assessment of the EDA Military Airworthiness
Requirement Question (MARQ) set by ASIC members. It is therefore important to recognise that
within these forums and working groups, the significant players in western military aviation can and
do influence the global military standards for airworthiness.
The working groups and forums are established to achieve different purposes. For instance, ASIC
are not trying to establish regulations, their primary role is production of interoperability standards.
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However, they have established a project group to establish a global standard for airworthiness recog-
nition of other MAAs. Likewise, NATO have focused on standards but are now pursuing appropri-
ate airworthiness policy. The EDA have made the most progress, publishing policy and regulation
and pursuing the European Military Airworthiness Certification Criteria which outlines the certifica-
tion requirements and standards. Figure 3.3 below, illustrates their achievements. With these docu-
ments available through the relevant organisations, with only the EDA documents publically available
through the EDA website [54].
Figure 3.3: Illustrates the relative focus and achievements of the working groups, forums and councils. The
green tick signifies achievement, the orange dash signifies in progress and the red cross is either not a focus of
the group or not yet in progress
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Chapter 4
The Need for a Recognition Platform
4.1 Motivation
The interaction between these militaries has been highlighted in Chapter 3, with several forums,
working groups and councils working towards shared goals. Amongst these collaborations, there is
an increasing pressure for improving the other non-combat interactions. Interactions such as aircraft
and asset sales, shared maintenance activities and combined personnel transportation. For instance,
the US forces and the large US Defence industry, are the original designers and producers for many
aircraft used throughout Western militaries. The same is true for many European nations. Supply
of aircraft and parts is often through contractual agreements titled Foreign Military Sales. These
agreements are normally bi-lateral, where the lessor supplies money and the vendor supplies aviation
product, often with continuing service provisions. There are other bi-lateral agreements for provi-
sion of services (data, replenishments, passenger transport etc.). There are a plethora of these types
of agreements between all of the aforementioned organisations. This is a traditional platform, and
serves its purpose, but management of the large number of bi-lateral agreements is cumbersome and
difficult, requiring many resources. This is where mutual recognition can assist if there is a globally
applicable recognition platform.
4.2 Current Efforts
Significant work is being done by the European Defence Agency (EDA), through the MAWA
forum, and within ASIC through the working group into mutual recognition. Mutual recognition
facilitates gains and improved efficiencies in Military Airworthiness Authority (MAA) interfaces.
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For instance, recognition by an MAA of aircraft product certification by another MAA would allow
for utilisation of all products. The EDA have finalised their first mutual recognition for the A400M
between the United Kingdom and France. The servicing of the aircraft will be recognised by both
nations regardless whose authority it was carried out under. This increases the flexibility and options
for the A400M fleet owners. Similar recognitions will be made, not just for the A400M. For instance,
if the maintenance approvals over sighted by the French were accepted by United Kingdom, trusting
their assurance processes, the UK could utilise French maintenance organisations for all comparable
aircraft and parts. This could then be extended to the rest of the European MAAs, reducing the burden
of managing multiple individual bi-lateral agreements. This could be a multi-lateral agreement, still
contractual but with more than two parties.
4.3 Current Issues
There is one primary difference between the approaches for mutual recognition being pursued by
the EDA and ASIC. This is the reason that the EDA system is not directly transferable to ASIC. The
EDA mutual recognition relies on the consistent application given by the European Military Airwor-
thiness Requirements (EMARs). No such consistent airworthiness application is likely within ASIC,
nor with MAAs outside of Europe. For this reason an alternate method of recognition, or framework
for supporting the European Military Airworthiness Document - Recognition (EMAD-R) process,
is required. Further, a system should be developed where all components of airworthiness can be
judged on their importance to other MAAs, not to the one who developed it. This would remove the
uncertainty concerning the uniqueness of each implementation, providing a method for recognition
founded on a common baseline, not common regulations. By designing a system that analyses air-
worthiness holistically, designs purposive test points to be answered by each MAA for assessment by
others and supports this assessment with an airworthiness framework based on product, behaviour and
process integrity. A baseline assessment can be formed that supports a recognition process suitable
for all airworthiness bodies, civil or military. Development, validation, application and assessment of
this framework as a method of creating a globally applicable platform for recognition is the primary
focus of this thesis.
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Part II
DEVELOPMENT OF AN ASSESSMENT
METHOD
THE PBP BOW-TIE
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Chapter 5
Traditional Causation Methodologies
The primary effort of any technical regulatory system is to maintain safety. This often occurs at an
increased cost of business to the regulated organisations, however, it is widely accepted that the cost of
not being safe is far higher. For this reason, several methods of analysing how organisations develop
systems to limit incidents have occurred. This chapter discusses some of the accident causality and
safety modelling techniques established by the requirement to be safe.
5.1 Accident Causality
In the late 80s and early 90s several authors began publishing literature on accident causality [70–
72]. These seminal works have led to the development of many causality models which can be utilised
to describe the events leading up to an accident. Subsequently, significant literature now exists on ac-
cident causality and risk treatment strategies for accident prevention.
For instance, Svenson’s [70] Accident-Evolution-Barrier (AEB) diagram describes the interactions
in socio-technical systems that may lead to an accident. Reason [71] developed his Swiss cheese
model for describing the influence of latent conditions on the integrity of defensive barriers. He de-
scribed the influence of the organisation and environment on decision makers leading to unintended
weakening of the defensive barriers, or holes in the Swiss cheese. Lastly, Rasmussen [73] identified
the interaction of humans in the lead up to accidents and how they influence the causality of an acci-
dent. Identifying which of the actions were causal and therefore can be learnt from.
Each of these papers identify a common theme; the role of humans in accidents. It is from this
that many safety analysis tools were developed. These tools identify and analyse the methods of
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preventing an accident and in some cases how the effects of an accident can be minimised. This
aligns with the global standards for risk management [74], where risk is defined as the sum of the
probability of the event occurring, and the consequence of the event. Literature on Barrier [75–78]
methodology and Layer of Protection Analysis (LOPA) [79, 80] outline putting layers, or barriers, in
the causality model that limits the opportunities for an event to occur. This reduces the likelihood, or
aims to prevent the occurrence. There are some models that analyse these preventative barriers and
also the mitigation barriers. The mitigation barriers reduce the consequence of the event if it does
happen. This methodology will be expanded on in the next section.
5.2 Bow-Tie Literature
There is one system that has gained wide regard as a tool for communicating risk across all levels
of the workforce. It identifies where extra barriers are required and in what aspect human factors play
in weakening the barriers. This method is called the Bow-Tie. An adaption of Lewis and Smith’s syn-
opsis [81] is that the bow-tie provides a readily understood visualisation of the relationships between
the causes of loss of integrity, the consequences of that loss, the controls reducing the likelihood of
the event from occurring, controls put in place to limit the consequence and any escalating processes
to support those controls. Figure 5.1 illustrates the basic bow-tie diagram.
Figure 5.1: Basic Bow-tie illustrating the threats to the undesired event being prevented from occurring on the
left and the effect of the loss being mitigated on the right.
This basic bow-tie diagram can be applied to many situations; for instance, Lewis and Smith [81]
identify that there are many published applications within Governments and Governmental organisa-
tions, like the UK Defence Industry for safety cases [82] and the French Government for risk analysis
[83]. It can be considered a combination of Event and Fault Tree Analysis [80, 84] and Barrier Anal-
ysis [75–78, 85], and can be applied qualitatively [81, 86–88] or quantitatively [89–91].
The Bow-Tie is best explained with an example. The following section will explain the basic
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Bow-Tie application, with a simple explanation of its use.
5.3 Application of a Basic Bow-Tie
The Bow-Tie diagram is a visual representation of a risk treatment strategy. It can be as complex
or as simple as required, and its real asset is in utilising it to communicate to all members of a work
place or environment, the hazards and how they are treated. Risk is a summation of the likelihood of
an event and the consequence of that event if it does occur. Therefore, to reduce the risk it is possible
to reduce either the likelihood of it occurring or the consequence if it does occur, or do both. The
bow-tie visually represents the methods of preventing the event from occurring and mitigating the
consequence of the event if it does occur. As discussed in Section 5.2 the Bow-Tie is characterised
by its shape, it has threat lines leading to a top event, placed along the threat lines to the left of the
top event are preventative barriers. However, if the top event does occur, leading away from it on the
right hand side are consequence lines, comparably, placed along these lines are mitigation barriers
aimed at preventing or minimising the effect of the consequences.
As an example of the application of the Bow-Tie, the loss of control of a car when driving in traffic
is examined. For additional clarity the Bow-Tie is separated into two figures. The left hand side, or
prevention barriers, are illustrated in Figure 5.2 where the hazard is loss of car control through three
threats; Mechanical, as an example Brakes are used. Physiological, or the capabilities of the Driver
and lastly Speeding, or a breach of the accepted process or rules of driving. The right hand side,
or mitigation barriers, are illustrated in Figure 5.3 where the consequences highlighted are personal
injury or death and damage to others or property. These consequences are mitigated through both
physical and rule based barriers.
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Figure 5.2: Bow-Tie example utilising operating a car in traffic as the hazard and the top event of loss of
control. This figure shows the preventative barriers which are aimed at reducing the likelihood of the top event.
Figure 5.3: Bow-Tie example utilising loss of control as the hazard and the top event of operating a car in
traffic. This figure shows the mitigation barriers which are aimed at reducing the consequence if the top event
does occur.
The Bow-Tie example illustrates key components to Bow-Tie methodology. The description of the
hazard and the top event dictates the development of the barriers. The barriers can be preventative or
reductive (mitigation). Each of the barriers can be weakened or made less effective. These are called
escalating factors and are normally treated by management or governance called escalating controls.
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To supply some more information on the use of the Bow-Tie an example from the United Kingdom
Military Aviation Authority (UK MAA) and there assessment for a Mid-Air Collision in Chapter 17
within the annexes. This example is detailed but highlights that there are traditionally more preventa-
tive barriers than mitigating controls.
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Chapter 6
Development of a Novel Assessment
The proposed assessment framework is based on a novel adaptation of the Bow-Tie methodology
explained in Section 5.2. Whilst a Bow-Tie model typically focuses on a direct safety hazard or “top
event” (e.g., a mid-air collision), here the central hazard is described as the system state where there
is a loss of technical integrity.
6.1 Technical Lifecycle Activity
The bow tie model can be adapted to provide a metric for assessing the technical integrity pro-
vided by a regulatory framework. This process begins by defining the technical lifecycle. At the
highest level, the process begins with the design phase, moves into production, and is followed by
the through life support (or maintenance) phase, and finally the retirement phase. At all times the
lifecycle is supported through supply chains and influenced by management. Figure 6.1 illustrates
the lifecycle with input from supply and influence from management. Not shown are the potential
lines of feedback, where, for example, experience gained in the maintenance of operational systems
influences the design and in-turn production of other systems.
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Figure 6.1: The technical item lifecycle; first designed, then produced (manufactured or constructed) then
maintained. Supply of material is required during design through to maintenance activities. Management
reserves the right to influence the lifecycle.
The lifecycle process is scalable and hierarchical, i.e. there is no restriction on the size of the item,
or the number of times it occurs, and no preclusion on this occurring on a smaller scale within a larger
lifecycle process. For instance, when designing an aircraft wing it may be realised during production
that some design rectification is required, instigating a smaller re-design, then production and main-
tenance utilised during testing of the re-design, before the wing lifecycle continues. This one, many,
innumerable mantra is fundamental in identification of the lifecycle activities; for instance, within op-
erations the lifecycle may be conceptualise then plan and finally execute. The concept of Operational
Integrity management is explored in Annex A.
6.2 Technical Integrity
Technical integrity is formally defined as “technical integrity addresses the management of barriers
to major accident events that would be harmful to people or environment” [92]. Technical integrity of
a physical or functional item is reliant on 1) product integrity, 2) behavioural integrity and 3) process
integrity (adapted from [93] and developed in [87]). This is the principle for the development of the
Product-Behaviour-Process (PBP) Bow-Tie [87]. A threat represents the initial state of a scenario
potentially leading to a loss of technical integrity. The threats can be grouped in terms of the three
components of technical integrity (i.e., product, behavioural and process integrity, Figure 6.2).
A “threat line” describes a sequence of events (in this case, a failure path within the airworthiness
management process) that originates at a threat and potentially ends with the top-level event. Given
the occurrence of the top-event/hazard, a number of consequence paths have the potential to eventuate
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(illustrated on the right hand side of the bow-tie, Figure 6.2). A barrier is defined as “any operational,
organisational, or technical solution or system that minimises the probability of events to occur, and
limit the consequences of such events” [94]. In the PBP Bow-Tie, a barrier represents a regulatory
activities put in place to prevent loss of technical integrity (e.g., testing against standards) or mitigate
potential consequences (e.g., crashworthiness design). The regulatory activities of Design, Production
and Maintenance (or sustainment) can be used to group the regulatory barriers that can exist along
the threat and consequence lines. This research currently focuses only on the threat paths and the
preventative regulatory barriers that aim to prevent a loss of technical integrity (i.e., the left-hand side
of the bow-tie of Figure 6.2).
Figure 6.2: A composition of the Bow-Tie methodology overlapped with the technical integrity definition
and technical item lifecycle, this framework is given the title the Product-Behavior-Process (PBP) Bow-Tie.
Importantly, this research is focused on preventative barriers of the PBP Bow-Tie (the lead up to the top event,
shown on the left-hand side of the illustration).
This lifecycle continuum applies to each of the components of technical integrity. As highlighted,
product integrity of the aircraft wing is checked, a deficiency is identified and the wing is returned
to the design activity. However, to assure the product integrity is maintained it is important that
the design, production or maintenance is carried out by competent, trained and authorised personnel
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following approved processes. That is, the person conducting the re-design of the wing, should have
a standard identified for the qualifications, training and experience required for that position, and the
person should be checked against that standard. Further, during the design, only approved processes
should be utilised. The product, behaviour and process integrity need to be monitored at each phase
of the technical lifecycle to ensure there is no loss of technical integrity. This was illustrated in Figure
6.2.
6.3 Requirements for an Attestation
Each barrier can be considered an attestation within the regulatory framework. All attestations
of acceptability must be founded on suitably identified standards. This allows for identification of
whether the product, behaviour (person) or process being tested is of a suitable standard. There is a
process required to be followed when testing against standards. For instance, when designing an item
against determined standards, there may be progressive inspections, a test against the standard, identi-
fication of any deficiencies and a proposal for rectifications, then finally an attestation that the overall
design is acceptable. This is normally a formal attestation that defines the transition to the next phase
of within the lifecycle. The design is then forwarded for production (or construction). Standards are
set for production and the process repeats. The same process applies for attestations of acceptability
of people performing the design, and the processes that the design person is following. By defining
the requirements of an attestation, more barriers within the PBP Bow-Tie can be developed. Fol-
lowing the requirements for an attestation, five distinct barriers within each of the technical lifecycle
activities for product, behaviour and process integrity are formed. Further, within a technical domain
there is interest in the supply of product. This gives six barriers that are replicated throughout the PBP
Bow-Tie; each of these barriers identifies the test points for a technical regulatory framework, in this
instance for assessing technical airworthiness. This is shown in Figure 6.3. However, development of
test points is not complete without determining a method of measurement.
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Figure 6.3: The breakdown of the steps required for attestations of acceptability during the lifecycle of an
item. These steps are repeatable through every phase of the lifecycle certification process.
6.4 Independence as a Metric
The location of the regulatory barriers within a technical lifecycle activity, and that the PBP Bow-
Tie assessment is aimed at regulatory frameworks, dictates an assessment that identifies regulator
interaction. The standards are set and checked by the regulator to remove safety decisions from
within organisational influence and to maintain a minimum standard [2]. The decision making, par-
ticularly around acceptability, should be made with a primacy on safety. Reason asserts [71, 95, 96]
that there is a significant contribution made by the work environment, management and organisational
influences in the decision and actions of personnel. The organisational and environmental influences
contribute to latent conditions for failures within the system, or conditions that have the potential to
subvert, bypass or weaken the barriers put in place to maintain safety.
Rasmussen’s Dynamic Safety Model [72, 97] describes the tendency of organisational drift be-
tween three boundaries; Economic, Workload and Safety. An irreversible breach of any of these
boundaries is likely to result in an undesirable outcome. It is common for management and personnel
to establish gradients away from the cost and resource boundaries. This is illustrated in Figure 6.4
where the safety barriers are often established internally but reinforced external to the organisation.
The tendency is that the organisation will drift towards the safety boundary, as the desire for efficien-
cies and finite resources push the organisational position closer to the safety barrier. This safety drift
[97] develops a natural tension between the independent regulators and the regulated organisations.
Where the regulated organisations, in an effort to manage resources and remain financially viable,
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continually strive to identify efficiencies.
An independent regulatory body is typically established so as to ensure important safety barriers
are not weakened or breached through these sociological, cultural and organisational behaviours. The
regulators are removed from the work environment they aim to control and as such are independent
from the organisational influences and aim at maintaining safe operations.
Figure 6.4: Model of organisational safety drift, where a gradient is established by management and personnel
away from economic and resource boundaries, placing pressure on the safety barrier (model developed from
[72])
Based on the seminal works of Reason and Rasmussen, a measure of independence can be consid-
ered as an indicative measure of the degree of freedom from management and organisational influ-
ences. In the PBP Bow-Tie framework, it is proposed that the degree of independence of an attestation
made within a regulatory framework. Five levels of independence within a regulatory context can be
defined, shown below in Figure 6.5. It is important to note that the independence metric facilitates
the comparative assessment of attestations; the scale does not provide an indication of the quality or
correctness of the attestation made.
53
Figure 6.5: Scale used to describe the independence of an attestation point
By measuring the degree of independence of an attestation, three important factors can be deter-
mined. Firstly, the degree of regulator or legislator interaction with the barriers, where a score greater
than three (3) indicates some level of independent regulatory oversight and control over the particular
barrier. Secondly, and more importantly, it identifies where decisions are made. Where the decisions
are enforced and actions taken. This will identify where the decisions are made without unwarranted
organisational interaction with attempts to influence decision making in a way that is detrimental to
safety. Lastly, it identifies the areas of focus of a particular regulatory framework. Where, focus
can be determined in relation to the phases of the engineering lifecycle (i.e., design, production or
maintenance) or in relation to the integrity components of product, behavioural or process. Thus, two
potential lenses for analysing a regulatory framework can be applied, which can help to discern the
subtleties between frameworks.
6.5 Development of a Test Point
In this chapter a method for analysing a airworthiness regulatory framework has been developed.
However, it is worth exploring how the PBP Bow-Tie and independence metric will be used to conduct
an assessment of a regulatory framework. A spreadsheet was generated to capture each assessment.
The spreadsheet details all of technical integrity attestations across the three technical lifecycle activ-
ities; design, production and maintenance. A snapshot of the spreadsheet used to assess the EASA
regulatory framework, is given in Figure 6.6 showing the assessment for Product Integrity in Design.
In this instance the attestation of design standards acceptability is made by EASA, giving an assess-
ment level of five for an external regulator/legislator, showing the highest level of independence.
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Figure 6.6: Extract from EASA Assessment Test Point 1.1; Product Integrity in Design - in this case EASA
prescribes the design standards for the European organisations, giving an attestation level of 5
The test point shown for EASA is 1.1 (or TP1.1), which relates to product integrity in design.
Following from Figure 6.3 and the composite PBP Bow-Tie shown in Figure 6.2, the six attestation
steps can be overlayed to demonstrate the derivation of the test points. This is illustrated in Figure 6.7
where, as discussed in Section 6.2, the research is focused on the Left-Hand Side of the PBP Bow-Tie
which are the preventative barriers.
Figure 6.7: Highlighting the Test Point Derivation, where each ‘stop sign’ is a Test Point aligning with the
requirements for an attestation from Figure 6.3
The stop signs indicate the 57 test points utilised for assessing a regulatory framework. The num-
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bering system is derived sequentially along each of the integrity lines. For example, TP1.1 to TP3.6
are on the product integrity threat line where TP1.1 to TP1.6 are for design, TP2.1 to 2.6 are for pro-
duction and TP3.1 to TP3.6 for maintenance. The same applies for behavioural integrity (TP4.1 to TP
6.7) and process integrity (TP7.1 to TP9.6). Each of the test points are detailed in their final format in
Chapter 16. They are grouped into 9 sections for the 57 test points. These relate to the preventative
barriers on the left hand side of the PBP Bow-Tie and are structured by integrity line then activity. i.e.
Test Point 1 - Product Integrity in Design, or Test Point 9 - Process Integrity in Maintenance.
6.6 Conducting the assessment
To assist in comprehending how the assessment is conducted, and how the information is utilised
for comparisons, a process flowchart and description is given in Figure 6.8.
Figure 6.8: A process flowchart for completing a PBP Bow-Tie assessment
The information gathered for each test point, the independence score and explanation, is utilised in
an airworthiness framework description or comparison. Gathering the information is assisted by an
expert from within regulatory framework.
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6.7 Relationship of PBP Bow-Tie test points to EMAD-R MARQ
This thesis has developed a set of test points for assessing a regulatory framework. At this time,
it is important that a distinction be drawn between these test points and the assessment performed
during the EMAD-R process. The PBP Bow-Tie was developed to complement the EMAD-R pro-
cess, identifying where there are regulatory differences that should be further investigated during the
EMAD-R MARQ examination. There is no direct correlation between the questions asked during
the Bow-Tie assessment (for determining a score for the test point) and the MARQ interrogation.
However, the knowledge gained from the Bow-Tie assessment will compliment, and in most cases
expedite, the recognition process. For instance, the Bow-Tie assessment highlights where there are
organisations performing regulatory functions. This may not be immediately clear from the written
text of the MARQ responses.
6.8 Example of test point scores
Due to the theoretical development of this assessment methodology there has only been discussion
on the nature of the scoring metric - independence. Greater clarity can be gained by examining a few
examples of scores for one of the test points.
The concept of process integrity is used to describe the approval of the documents that describe
the process that assures the technical integrity of the item. For example, process integrity within
maintenance describes something more holistic than the maintenance data. IT describes whether the
maintenance is carried out under an approved system of maintenance. The civilian Part 145 (EASA,
FAA, CASA, CAA all have a Part 145) Maintenance Organisation is required to get an approval from
the appropriate civilian regulator. Only with that approval are the permitted to conduct maintenance,
and then only within the scope of their approval. To gain an approval, the maintenance organisation
must submit an organisational exposition which details the systems they will operate under in con-
ducting the maintenance. This exposition contains information like; identification of key personnel,
facilities, quality management systems, access to appropriate tools and data, scope of maintenance
sought (type of aircraft/component and level of maintenance), etc. The appropriate maintenance data
is only one component of their approval. By a legislatively empowered regulator (like EASA or the
FAA) deciding on the required standards for a Part 145 exposition - and thus a Part 145 maintenance
organisation, they would receive an independence score of 5 for Test Point 9.1 which describes who
defines the standards for process integrity.
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A look at how the Australian Defence Force manages maintenance organisations approvals for De-
fence and Defence industry will identify that there are some differences from that of a civil aviation
authority definition of maintenance organisation standards and requirements. In Figure 6.9 below, an
extract from the ADF assessment spreadsheet, two scores of four (4) have been given for defining
the Defence and Defence Industry maintenance process integrity standards and requirements. This
highlights that an internal regulator (in this instance the ADF Technical Airworthiness Regulatory,
DGTA-ADF) sets the standards and requirements for maintenance expositions for both Defence and
Defence Industry. Additionally, it highlights a consistent inclusion mechanism for Defence and De-
fence Industry within the ADF Airworthiness Management System.
Figure 6.9: An extraction from the assessment spreadsheet for the ADF illustrating the scores and justification
for Test Point 9.1: Defining the standard for Maintenance Process
In contrast, the United States Air Force has a different method for assuring maintenance process
integrity. In Figure 6.10 below, the attestation scores are different, a score of three (3) for Defence
and a score of five (5) for Defence industry. This illustrates different requirements for maintenance
organisations. Maintenance conducted by USAF personnel is performed in accordance with man-
dated Air Force Instructions (AFIs) not approved maintenance organisation expositions. Importantly,
this is managed by the command organisations (thus the score of 3), not the internal regulators. Con-
versely, the FAA (score of 5) performs organisational approvals and oversight on Defence Industry
maintenance organisations.
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Figure 6.10: An extraction from the assessment spreadsheet for the USAF illustrating the scores and justifi-
cation for Test Point 9.1: Defining the standard for Maintenance Process
Importantly, this does not describe the effectiveness or quality of a maintenance system, it just
identifies where there are differences. Identifying these differences from a spreadsheet is not simple,
so to aid comparisons a visual comparison method was developed. It is explained in the next chapter.
59
Part III
ANALYSIS OF RESULTS
CIRCULAR AND MATHEMATICAL
COMPARISONS
60
Chapter 7
Development of a Visualisation
7.1 The PBP Bow-Tie and Visualisations
As shown in Figure 6.6 the data from each assessment is captured in a spreadsheet. The data cap-
ture consolidates all the information pertaining to each test point, characterised by the independence
of the attestation and an explanation of how it was derived. However, it does not provide a meaningful
comparison method. Rather than present the information as a series of tables, and utilise a mundane
point to point comparison, a novel visualisation method was developed and utilised.
The PBP Bow-Tie assessment provides a series of scores based on the independence of the at-
testation and a brief explanation for that score within a table. To enhance the value of the captured
data, and provide ability for comparative assessment, a unique data visualisation was prepared util-
ising CIRCOS [98], a tool developed for genome visualisation but applicable to any tabular data
representation. The assessment and visualisations were prepared for the European Aviation Safety
Agency (EASA).
It must be stated that the PBP Bow-Tie captures information that allows for learning and compar-
ison. An MAA can use a Product-Behaviour-Process (PBP) Bow-Tie assessment to identify areas
of their airworthiness management framework, which are weak or require further investment, for
varying levels and phases of the technical lifecycle. The PBP Bow-Tie can also be used to compare
assessments of different airworthiness management framework, thus, providing a tool for aiding in-
ternational harmonisation and recognition between MAAs.
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If the PBP Bow-Tie is utilised as part of a recognition agreement, each MAA would utilise it
to compare their respective systems. The PBP Bow-Tie independence scoring for each test point
has been displayed as a circular histogram (or as used throughout this thesis as an Iris Chart). The
histogram illustrates the test points and independence scores for the attestations. The Iris chart repre-
sentation for the EASA assessment is shown in Figure 7.1. In this illustration the individual attestation
scores for the test points are radially presented. With a score of zero indicated by no colour in the
segment and a score of five indicated by a dark blue colour filling the segment. In this visualisation
the test points are arranged by technical lifecycle activity. This means that design is shown first (test
points TP1.1-1.6 (product integrity-blue), TP4.1-4.7 (behavioural integrity - red) and TP7.1-7.6 (pro-
cess integrity - yellow)), then production (TP2.1-2.6 (blue), TP5.1-5.7 (red) and TP8.1-8.6 (yellow))
and finally maintenance (TP3.1-3.6 (blue), TP6.1-6.7 (red) and TP9.1-9.6 (yellow)).
Figure 7.1: The EASA PBP Bow-Tie Assessment circular histogram used for visual comparison showing the
relationship between the radial length of the test point score and the level of independence of the attestation.
TP 8.1 (highlighted) shows that the Production process standard is set and attested to by an External Regulator,
in this instance it is EASA part 21 subpart G for production.
The Iris chart in Figure 7.1 is grouped by phase of the technical lifecycle (i.e., Design-Production-
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Maintenance (DPM)). The test points within each phase are grouped based on the different mechanism
through which integrity is being assured, i.e., Product (blue), Behaviour (red) and Process (yellow). A
measure of independence is then made for test point (refer the explanation on Section 6.4), the value
of which is visualised by the length and shading of the radial. The higher the degree of independence
for a test point the longer and darker the radial on the histogram. For example, test point 8.1 (TP8.1)
highlighted in Figure 7.1, relates to standards for production processes and is captured through the
requirements of the Production Exposition for EASA Part 21 subpart G approval. An external reg-
ulator or legislator makes this attestation, the highest level of independence; hence the radial is dark
blue, filling the entire segment indicating a score of five.
Referring to Figure 7.1, it appears that EASA applies greater regulatory oversight in relation to
process integrity (yellow segments) through exposition approvals, than product or behavioural in-
tegrity. The histogram plots can be visually grouped by integrity line (defined in Section 6.2) or by
different phases of the technical lifecycle (defined in Section 6.1). The two alternate representations
allow for different areas of focus in a comparison between assessments. The assessment illustrated
in Figure 7.1 is grouped based on technical lifecycle activity. Grouping by activity allows for iden-
tification of regulatory focus; is there a regulatory focus on design, production or maintenance for
assuring technical integrity? Alternatively, the assessment can be visualised by grouping by integrity
line. This approach qualifies the management focus of the airworthiness framework. A comparison
plot for EASA and the US Army grouped by integrity lines is shown in Figure 7.2. When conducting
a comparison it is useful to examine the results of the assessment using both visualisation groupings.
In Figure 7.2 the test points are presented sequentially in a clockwise position, i.e. TP1.1 is at the
1205 position and TP9.6 is at the 1155 position.
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Figure 7.2: This figure compares the EASA PBP bow-tie assessment to the US Army assessment. Of note, this
illustration has the histogram grouped by integrity line (clockwise - all Product then all Behavior and finally all
Process), with the activities represented for each integrity line in order of the phases of the technical lifecycle
(DPM). The strong EASA focus on process integrity (yellow segments) is immediately visible; likewise the US
Army’s strong focus on independence in product integrity (blue segements) is easily identified.
Utilising both visualisations provides more information on the structure and emphasis of an air-
worthiness framework. The use of the Iris chart for comparison is a novel and powerful learning,
communication and assessment tool and has formed the foundation of the assessments that follow.
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Chapter 8
Civil Framework Mapping
The Federal Aviation Administration (FAA) and European Aviation Safety Agency (EASA) was
introduced in Sections 1.3.1 and 1.3.2. However, to aid in future comparisons with the civilian reg-
ulatory framework the PBP Bow-Tie for the two organisations are briefly examined through the lens
of the PBP Bow-Tie.
8.1 European Aviation Safety Agency
EASA has established an aviation safety system that has defined boundaries. This provides clear
accountabilities for EASA and the implementing nation. The European system relies on defined cer-
tification requirements and organisational approvals. This is highlighted by the PBP Bow-Tie assess-
ment and Iris chart, with a definitive focus on establishing standards within product integrity (TP#.1
in the blue segments) and prominently, process integrity across all three technical lifecycle activities.
This is illustrated in the EASA Iris chart shown in Figure 8.1.
The EASA has established a system that relies on sound process. Each organisation must submit
an exposition detailing the processes they will utilise to satisfy the requirements of the regulatory
framework. EASA establish standards for the personnel performing these tasks and regularly check
that the approved organisations are following the processes they submitted for approval. This is called
conformance auditing and is a key component of assuring the continual safety of air operations.
65
Figure 8.1: This figure illustrates EASA PBP bow-tie assessment Iris chart. The strong EASA focus on
process integrity (yellow segments) is immediately visible
8.2 Federal Aviation Administration
The FAA is charged with assuring the safe air operations over the United States of America (USA).
The FAA can be considered the first airworthiness authority and as such the systems they established
can be found duplicated around the world in both civil and military regulatory frameworks. The
system is based on competent people empowered to make decisions. This is highlighted in the PBP
Bow-Tie assessment and Iris chart by the strong product integrity representation and the regular be-
havioural interactions across the three technical lifecycle activities. This is illustrated in the Iris chart
shown in Figure 8.2.
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Figure 8.2: This figure illustrates the FAA PBP bow-tie assessment Iris chart, the stronger FAA focus on
regulatory controls in product integrity (blue segements) is easily identified.
The regulator interaction can be seen in the dark blue completely filled segments. These indicate
the scores of five for a legislator. They are prominent within the product integrity groupings indicated
by the blue identifier. It is also easy to identify regulator interaction within process integrity for
maintenance. This has arisen from the FAAs adoption of maintenance organisational approvals.
8.3 Visual Comparison
The two primary civil regulatory frameworks can be compared utilising a symmetrical Iris chart
comparison. In this comparison the EASA test points are on the right and the FAA test points on
the left. The test points are symmetrical, that is they are mirrored along a central vertical axis. This
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comparison allows for comparison of the regulatory subtleties. The comparison Iris chart is shown
in Figure 8.3 where the FAA product integrity focus and EASA process integrity focus is immedi-
ately characterised. Figure 8.3 is structured by integrity line to assist in highlighting these regulatory
framework subtleties.
Figure 8.3: This figure compares the EASA PBP bow-tie assessment to the FAA PBP Bow-Tie assessment
utilising a mirror comparison Iris chart. The strong EASA focus on process integrity (yellow segments) is im-
mediately visible; likewise the stronger FAA focus on regulatory controls in product integrity (blue segements)
is easily identified.
It is interesting that the behavioural requirements stipulated by the regulatory frameworks (scores
of five for behaviour) are reasonably consistent. Although the test points do not immediately align
there is a consistent number of regulator interactions in this integrity line. However, for both product
integrity and process integrity the different focuses are clearly visible. The FAA reliance on competent
individuals is highlighted in the fact that this individual is responsible for ensuring that the physical
item (product integrity) meets the required standards. While EASA ensures that the organisations
follow defined processes when attesting to the acceptability of the physical item. This difference is
fundamental to understanding the unique aspects of the military frameworks that are geographically
close to the primary civil regulatory frameworks. This aspect will be explored further in Chapter 9.
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Chapter 9
Comparison of Militaries for Recognition
- Example Case Studies
9.1 Motivation
In Chapter 7 a method of systematically assessing an airworthiness management framework was
developed. Based on the Bow-Tie and some fundamental principles of technical lifecycle and the re-
quirements for an attestation. The series of test points are then measured based on the independence
of the person or organisation charged with making that attestation. This series of test point measure-
ments are then represented as an Iris chart. A unique and novel circular histogram that reflects the
composition of the airworthiness framework. The unique visualisation was explained and utilised to
perform a brief assessment of the two primary civil regulators EASA and FAA in Chapter 8. This
chapter will utilise case studies to examine the effectiveness of the PBP Bow-Tie assessment and Iris
charts to communication regulatory framework subtleties. The case studies validate the methodolo-
gies proposed in the previous sections.
In this chapter the information presented in the Iris charts is compared and contrasted to identify
the benefits of the visualisation as a tool for comparison and recognition. Firstly, in Section 9.2 a
high level broad comparison is carried out on five frameworks to demonstrate the application of the
Iris charts as a visual comparison tool. In Section 9.3 the assessment is extended to include the air-
worthiness framework subtleties that distinguish regulatory oversight of defence and defence industry
(contractor organisations). This is an introduction for the comparative assessments between the Aus-
tralian Defence Force (ADF) and the US Army (Section 9.4 [99]) and the New Zealand Defence
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Force (NZDF) (Section 9.5 [100]). These assessments utilise a symmetrical Iris chart for a graphical
comparative analysis.
9.2 Examining the Visualisation - Initial assessments of Four Militaries
In this section the first military visualisations are developed. This is a broad assessment that utilises
qualitative assessments for a comparison to the EASA technical regulatory framework to that of four
Western militaries. The section is broken into two subsections exploring visual groupings of the
results by integrity line (Section 9.2.1) and by technical lifecycle activity (Section 9.2.2).
9.2.1 Comparison of Iris Charts – Grouped by Integrity Line
Assessment of an airworthiness framework by integrity line displays the fundamental principle
from which the framework was derived. For instance, it was demonstrated in Chapter 8 that EASA
have a focus on assuring process integrity, whereas the FAA have a focus on assuring product in-
tegrity. The same can be seen in a visualisation of the military frameworks of the United Kingdom,
US Army, US Navy and Australia.
Figure 9.1 is a composition of the five airworthiness frameworks assessments grouped by integrity
line. It shows EASA located central (a), the EASA derived frameworks are to the left; the UK MAA
and ADF ((b) and (c) respectively) and the FAA derived airworthiness frameworks; the United States
Army and United States Navy are on the right ((d) and (e) respectively).
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Figure 9.1: These five Iris charts are utilised for comparison, the purple ring indicates a score of three. (a) is
the EASA plot, (b) is the UK MAA, (c) is the ADF, (d) is the US Army and (e) is the US Navy. These plots are
grouped by integrity line and demonstrate primary areas of regulatory focus.
The Iris charts readily identify areas of difference through comparison of the length and subse-
quent shade of the radial test point scores. It is immediately apparent that EASA (Figure 9.1 (a)),
being empowered through legislation and external to those organisations they oversight, score highly
for independence of attestation for many test points. Consistent with Chapter 8 EASA use of process
integrity as a focus for assuring technical integrity is identifiable. Comparing EASA to the UK MAA
(Figure 9.1 (b)) it is seen that the UK MAA framework has a more holistic airworthiness system,
showing the regulatory focus on process integrity, particularly in design. The ADF also has identifi-
able linkages to EASA, (Figure 9.1 (c)) shows regulatory requirements for design and maintenance
process integrity consistent with EASA. However, it is immediately identifiable that the ADF has
poor regulatory control of production, with no regulator interaction on related test points. The US
Army (Figure 9.1 (d)) has recurring regulator involvement, but immediately characterised is their
predominant control of product integrity. Similarly, like the US Army framework the US Navy (Fig-
ure 9.1 (e)) control product integrity through internal regulator involvement, characterised by scores
of four through design and production integrity. These highlights that the two United States military
71
frameworks have closer ties to the FAA, which was shown in Chapter 8 to have a greater reliance on
product integrity regulations for assuring technical integrity.
9.2.2 Comparison of Iris Charts – Grouped by Phase of the Technical Lifecycle
Another way of visualising the output of the PBP Bow-Tie assessment is by phase of the technical
lifecycle (as defined in Section 6.1). This method of analysis allows for comparison of relative regu-
latory control of the activities undertaken within each lifecycle activity (e.g., design, production and
maintenance). Figure 9.2 illustrates the same five regulatory framework assessments, however the
test points are radially grouped by the technical activity; with Design (12 to 4 o’clock), Production (4
till 7 o’clock) and Maintenance (7 till 12 o’clock). The Iris charts are positioned in the same manner
as Figure 9.1, specifically; EASA (a), UK MAA (b), ADF (c), US Army (d) and US Navy (e).
Figure 9.2: These five technical airworthiness Iris charts are utilised for comparison. (a) is the EASA plot, (b)
is the UK MAA, (c) is the ADF, (d) is the US Army and (e) is the US Navy. These plots are grouped by activity
segment demonstrating relative strengths of the airworthiness organisation.
Figure 9.2 shows that across the assessed militaries there is an identifiable regulatory focus on
design. Within the design segments of each Iris chart there is a greater number of radials that extend
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beyond the purple circle. This indicates regulator interaction.
This analysis, while utilising the same data sets, provides a method for identifying the focus areas
of the regulatory frameworks. For instance, the EASA framework (Figure 9.2 (a)) shows more in-
teraction with design and maintenance than production. The UK MAA (Figure 9.2 (b)) interact very
heavily with design. This is also identifiable as the area of strictest regulatory control for the ADF
(Figure 9.2 (c)), with the ADF Production oversight an immediately identifiable regulatory weakness.
The US Army (Figure 9.2 (d)) rely on product integrity for design and production, having less in-
dependence with behavioural and process integrity within those two activities. Within the US Army
framework there is less reliance on product integrity demonstrated by consistent regulator interac-
tion for attestations across all three integrity lines. Similarly, the US Navy (Figure 9.2 (e)) regulator
interaction is product focused for design and production, however, they have independent regulator
attestations within their framework for design and maintenance management processes.
9.3 Extending the Assessment
When performing an assessment of a technical regulatory framework, it is important to understand
the scope of the framework. Within military aviation, there is a requirement for deployment of aircraft
to areas of the World in which non-military personnel are not expected to go. These arrangements are
expected and understood for military personnel who accept the conditions of service. However, it is
now common for home-base operations to be supported by a compliment of defence (uniformed and
military employed non-uniform) and civilian (contracted non-uniformed) personnel. That is, design,
production and maintenance activities are often shared through contract support arrangements be-
tween civilian and military organisations and personnel. Often, airworthiness management agencies
have a system for integrating the military and non-military organisations into the technical airworthi-
ness framework. These systems are not always common or consistent between MAAs.
An interesting picture can be developed of the differences between MAA technical regulatory
frameworks. For instance, the NZDF does not have organisational approvals for defence maintenance
organisations, whilst the ADF has more contracted design and maintenance organisations within their
regulatory framework than military ones. There are other methods of integrating contracted organ-
isations in to a regulatory framework, these include requiring compliance with a civilian technical
regulatory framework or regulating defence industry under a quality management system approach.
All of these approaches have been adopted by various MAA airworthiness systems around the world.
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For this reason an assessment of the method utilised to manage regulatory activities undertaken by
defence industry is required.
In the following sections the analysis is extended to compare and contrast the mechanisms utilised
to integrate military (Defence) and contracted organisations (Defence Industry) into the airworthiness
frameworks of the ADF, US Army and NZDF. The Iris plot, in a symmetrical format (as seen in
Figure 8.3, can be used to highlight the areas in which there are differing requirements within the
regulatory framework for defence and defence industry. In Section 9.4 analysis of the integration
of defence industry for the ADF and US Army is derived from a mirrored Iris chart. The ADF and
US Army regulatory framework is then compared and detailed explanations of the regulatory im-
plementation differences is highlighted as a foundation for recognition. In Section 9.5 an Iris chart
comparison will give foundation for a detailed test-point comparison for the ADF and NZDF regula-
tory frameworks, again highlighting the utilisation of the tool as a platform for recognition.
9.4 Australian Defence Force and US Army
9.4.1 Qualitative Analysis of the Australian Defence Force Airworthiness Framework
When a technical airworthiness framework is developed, it can occur in a few ways. The ADF
established an airworthiness framework that required contracted organisations to comply with all reg-
ulatory requirements of the defence technical regulatory document [46], and that they are sponsored
by an approved defence organisation for the work they carry out. To further explore the next dimen-
sion of the visual analysis tool, further examination of the use of Iris charts for internal comparison
is given below. That is, a comparison of how the ADF integrates both defence and defence industry
into the airworthiness framework.
As discussed, the ADF require contracted organisations supporting operations to comply with the
requirements of the defence regulatory documents. This means that there is little regulatory difference
between the defence organisations and contracted defence industry organisations. This is highlighted
in the Iris chart for the ADF shown in Figure 9.3. The Iris plot provides a symmetrical comparison
of the independence of attestations for defence and defence industry. This Iris plot is grouped by the
components of technical integrity (i.e., product, behaviour and process).
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Figure 9.3: The ADF Iris plot for symmetrical comparison of the attestations for Defence and Defence In-
dustry. This Iris plot is grouped by integrity line. There are little immediately identifiable differences between
Defence and Defence Industry attestations for the ADF.
Figure 9.3 demonstrates that there are only minor differences between how defence and defence
industry organisations and personnel are managed within the ADF technical regulatory framework.
Of note, the primary regulatory mechanism (scores greater than three, outside the purple line) is in
process oversight. This is enabled through a requirement for design and maintenance expositions, or
management plans as they are called within the ADF. These management plans form the basis for the
ADF’s regulatory compliance and organisational conformance audits and are common to defence and
defence industry. All organisations that perform design or maintenance are issued an approval by the
MAA before they are permitted to interact with ADF aviation assets and support systems. Further,
it is important to note that the ADF MAA delegates authority to individual platform representatives.
This is indicated on the Iris plot by the scores of exactly three in Figure 9.3.
A different lens for analysis is provided when the Iris plot is grouped by technical lifecycle activity
(i.e., design, production and maintenance), as illustrated in Figure 9.4. Again, only small differences
can be identified between the management of defence and defence industry within the ADF regulatory
framework. These differences primarily lie within Production (3 and 9 o’clock positions, Figure
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9.4). All local production is performed under the auspices of the design organisations. While larger
scale production (including whole of aircraft during acquisition) is normally over-sighted outside of
the ADF regulatory framework by other competent production oversight agencies engaged through
contract. Importantly, they are not introduced into the regulatory framework. No such mechanism
for approved production organisations exists within the ADF regulatory framework. This is normally
carried out by other MAAs, such as the US Air Force (e.g., for the F-35), US Navy (e.g., for the
P-8), the US Army (e.g., for the CH-47F) or Spanish Military DGAM (e.g., for the KC-30A). For this
reason, among many others [57], the ADF is interested in recognising the competence of these MAAs,
hoping to provide a more efficient mechanism for attaining airworthiness certification in Australia.
Figure 9.4: The ADF Iris plot symmetrical comparison grouped by technical activity. Compared this way the
small sub-regulator differences appear for Production within the ADF.
An identifiable strength of the ADF technical regulatory framework is the technical regulatory
interaction with design, both for defence and defence industry. These interactions are represented
through the number of scores outside the purple line (scores greater than three) within the design seg-
ments for defence and defence industry. The ADF MAA’s only other interaction is with maintenance
management plans (process integrity). Further, as discussed in Section 6.1, the PBP Bow-Tie also
captures supply. This is represented by the TP#.6 (i.e. TP1.6 is supplied product acceptability during
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design, TP8.6 is supply processes during production, etc.) in each segment; importantly there is no
regulatory requirements placed on supply within the ADF technical regulatory framework.
9.4.2 Qualitative Analysis of the US Army Airworthiness Framework
The US Army derive their airworthiness authority through the 10th United States Code [27]. The
airworthiness construct of the US Army is complex, with the key appointments of the US Army air-
worthiness framework assigned through their primary airworthiness document [23], but the organisa-
tions enacting that authority delegated through charter. The Aviation Engineering Directorate (AED)
is the primary technical airworthiness authority for the US Army and is responsible for the airworthi-
ness qualification of US Army Aviation assets. The AED develop and maintain a series of aeronautical
design standards that outline the requirements for aircraft qualification and these, along with proce-
dures, provide the documentation framework for all design work undertaken by the AED. The AED
are also included in maintenance and training decisions, which may require determination of impact
on airworthiness. In contrast to the ADF, the US Army does not issue organisational approvals.
Therefore, it has no repeatable mechanism for including defence industry into the airworthiness man-
agement framework. The US Army utilises several other US DOD agencies to manage and provide
oversight of certain components of their technical regulatory framework.
A PBP Bow-Tie analysis of the US Army airworthiness framework was undertaken and the results
visualised in the Iris charts presented in Figure 9.5 and Figure 9.6. The first Iris plot for the US
Army, grouped by integrity line, is shown in Figure 9.5. As can be observed in Figures 9.5 and 9.6
there are a number of regulatory differences for how the US Army manage the technical regulatory
framework for defence and defence industry. Focussing only on the significant areas of difference,
there are several components of the airworthiness framework that warrant further exploration. The
PBP Bow-Tie assessment acknowledges several key components and analysis from the subsequent
Iris charts explains these differences below.
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Figure 9.5: The US Army Iris plot grouped by integrity line. It is immediately quantifiable that the US Army
does not apply symmetrical oversight of Defence and Defence Industry.
It can be seen in Figure 9.5, that the primary regulatory mechanism for defence is provided through
product integrity, while for defence industry there is more regulator interaction within process in-
tegrity. This interaction occurs in two different organisations and will be examined in detail later.
From Figure 9.5 it can be observed that there is greater regulator interaction with defence. This has
arisen from the assessment capturing a lack of defence industry attestations for design. This is bet-
ter highlighted in Figure 9.6, where the Iris chart is presented by technical lifecycle activity. The
US Army MAA provides stringent product requirements and maintains a heavy interaction with the
design and production activities. This interaction assures product integrity within these technical
activities under the US Army technical regulatory framework.
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Figure 9.6: The US Army plot grouped by technical activity. In this figure the lack of Defence Industry
attestations is seen.
The fact that there is no defence industry design integrated into the US Army technical regulatory
framework is evident in Figure 9.6. The reason for this is that within the US Army framework there
is no defence industry design organisations allowed to approve designs. All designs are approved by
the AED before incorporation onto primary US Army Aviation assets. While this lack of scoring ap-
pears to indicate a deficiency in the technical regulatory framework, the fact that AED operates as the
final approval authority before the airworthiness or performance qualification of the asset is modified,
means that it is not actually a deficiency. It is more of a trait of the US Army technical regulatory
framework, something that is common to both the US Army and US Navy within the US DOD.
A key component that is not differentiated pictorially is that there are two primary independent
bodies performing the role of the internal regulator (scores of four) for the US Army. The US Army
authority has limited interaction with the setting or checking of standards for defence industry, with
their only role in providing oversight of maintenance standards. It is the role of the Defence Contract
Management Agency (DCMA) to provide oversight of contracted agencies. DCMA oversight is
enabled through contract law to enforce the quality requirements upon the organisation. Maintenance
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in defence industry is enabled through contracts to Federal Aviation Administration (FAA, scores
of five) approved maintenance organisations. The defence industry maintenance work is mainly on
civil-derivative aircraft, and is managed by the DCMA, but regulated and over sighted by the FAA.
Within the US Army regulatory framework the regulatory organisation, AED is primarily focused on
certification. If they were over-sighted by EASA they would be considered a Part 21 organisation.
This means that beyond the maintenance data provided as part of aircraft certification, there are no
regulatory controls provided by AED for maintenance. There is a reliance on the US Army Major
Command organisations to manage their maintenance functions in accordance with the policy on
Army Maintenance [38]. In fulfilling his role as the airworthiness authority the Deputy Chief of
Staff of the Army has delegated airworthiness authority for initial airworthiness to AED and most of
continuing airworthiness to the Major Command units. This has allowed for a disconnection with the
airworthiness management of US Army aviation assets. The analysis has revealed the complexities of
the interaction of the regulatory authority and defence and defence industry. Due to this complexity,
there is a strong requirement for effective communication between US Army organisations. The
US Army technical regulatory framework may be ineffective in situations where there is insufficient
communication of issues and interactions between organisations.
9.4.3 Comparison of the ADF and US Army Technical Airworthiness Regulatory Frame-
works
The analysis of the individual airworthiness frameworks of the ADF and US Army was presented
in the previous sections. The analysis focused on the differences of oversight for defence and defence
industry. The comparison highlighted the unique traits of each framework. However, the plots in
isolation do not convey sufficient information to provide a platform for recognition. Further, both
frameworks have no known compliance to the EMARs but are required to utilise the European Mil-
itary Airworthiness Document - Recognition (EMAD-R) process. The comparison will detail how
the PBP Bow-Tie has helped identify the areas for focus during the Military Airworthiness Require-
ments Question-set (MARQ) exchange required by the EMAD-R. To facilitate this comparison an
Iris plot was generated that symmetrically compared the ADF and US Army for defence and defence
industry. These Iris charts are shown in Figure 9.7 and 9.8. Importantly, there is no new information
presented in these Iris charts, for greater clarity on the individual test point scores, refer to the Iris
charts shown in Figure 9.3 to Figure 9.6. The symmetrical comparison allows for easy quantification
of the implementation differences.
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Figure 9.7: A symmetrical comparison of the ADF and US Army. (a) Highlights the attestation differences
for Defence. (b) The symmetrical comparison for Defence Industry. This comparison is grouped by integrity
line.
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The first identified difference between frameworks requiring consideration is in delegation of engi-
neering authority. The ADF utilises organisational approval and personnel authorisations to manage
the technical airworthiness of ADF aviation assets. There are formal delegations of the responsibil-
ities down to suitably competent, qualified and experienced personnel within design organisations.
This person is responsible for approving and accepting designs and providing approved maintenance
data for the maintenance of each aviation platform. Conversely, for the US Army, all engineering
authority is retained within the AED. This is reflected in the lower scores for design behavioural in-
tegrity for the US Army (Figure 9.7 (a)) since there is now a lack of independence required in setting
the required standard. This difference can also be observed in the high degree of US Army MAA
scores with defence and defence industry for product integrity in design and production (Figure 9.7
(a) and (b)). The ADF regulator carefully examines the design and maintenance processes in their
expositions, or management plans. This provides a mechanism for conformance audits. Within the
US Army regulatory framework, the independence of the checks on the design process is diminished
due to the designs being produced from within the regulator. This is evident in Figure 9.7 (a) where
the ADF regulator maintains control over process requirements; conversely, the US Army regulator
has little interaction for process. The US Army relies on command surveys on maintenance and op-
erations with only trend data reported back.
Further details extracted from Figure 9.7 surround the differences between implementations. The
US Army applies more regulatory controls with a focus on product integrity, while the ADF has a
more process controls within the regulatory framework. This is evident in Figure 9.7 (a) where the
US Army regulator, although split between two primary organisations, maintains tight control over
product integrity during design and production for defence and defence industry (highlighted by the
regulatory scores of four). However, the US Army regulator does not tightly control maintenance
beyond engineering related data for defence (most scores of four outside of product integrity are for
attestations made by independent training organisations or the DCMA). Instead, technical airworthi-
ness within maintenance is the responsibility of the command units. But, in Figure 9.7(b) it is shown
that the FAA (scores of five) and DCMA (scores of four) interact with defence industry maintenance.
The US Army does not have symmetrical interaction with defence and defence industry, and there
are a series of organisations that perform regulatory roles within the US Army technical regulatory
framework.
Conversely, it is evident in the process integrity grouping seen in Figure 9.7 (a) and (b) that the
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ADF regulatory framework utilises organisational approvals as an entry control to assure the design
and maintenance integrity (indicated by regulator interaction within process integrity for design and
maintenance). In contrast to the US Army the ADF does have a largely symmetrical and consis-
tent regulatory framework for integration of defence and defence industry. Figure 9.8 illustrates a
comparison when grouped by technical activity.
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Figure 9.8: A symmetrical comparison of the ADF and US Army; grouped by technical activity. (a) Highlights
the attestation differences for Defence. (b) The symmetrical comparison for Defence Industry.
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Visualising the results grouped by technical activity Figure 9.8 reveals the ADF regulator has the
strongest interaction with activities in design. The ADF regulatory framework has evolved this way,
with regulations on design preceding those for maintenance by some time. It is also clear that produc-
tion is not within the regulator’s oversight. Again, the regulator interaction does not discern between
defence and defence industry for organisations performing design and maintenance within the ADF
technical regulatory framework. In contrast, the US Army relies on a series of regulatory organisa-
tions to provide regulator interaction throughout the technical item lifecycle. The US Army technical
authority and training organisations provide the regulatory interaction for defence, and DCMA and
the FAA provide it for defence industry. Despite the absence of scores for design for defence industry,
the US Army has more regulator interaction throughout the technical item lifecycle.
Conclusions drawn from the analysis of the technical item lifecycle shows that the ADF does not
need to interrogate US Army certification in relation to design attestations for defence industry, as the
US Army technical authority (AED) provide all design approvals. Similarly, it is now immediately
apparent which of the regulatory organisations (e.g., AED or DCMA or the independent training or-
ganisations) provide the interaction during each lifecycle activity for defence and defence industry.
However, the ADF may need to communicate with the command units to gain confidence with the
system of maintenance for defence, understanding that the US Army technical authority does not in-
teract heavily with that activity.
The US Army should interrogate the ADF regulator for information pertaining to design standards,
but not request production oversight. The significant difference for the US Army to comprehend is in
relation to the concept of organisational approvals. Once the organisational approval is understood,
the US Army can have confidence in the setting of standards for maintenance and that the regulator
is continually checking for deficiencies. It is also important to note that the ADF regulator performs
compliance audits against the regulatory framework and assurances that an approved organisation
is conforming to defined expositions/management plans. This concept is different to the US Army
approach and will require examination by the US Army. Further, it was highlighted that the Iris plot
scores of three for the ADF were derived from delegated authority. Thus, if the US Army requires
platform specific information, they will need to open dialogue with the delegated authority for that
platform.
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9.4.4 Areas of Focus for Recognition between the ADF and US Army
The application of the PBP Bow-Tie approach and its visualisation through the use of Iris plots
provide a simple mechanism for representing, comprehending and comparing disparate regulatory
frameworks for the purpose of inter-agency recognition.
The Bow-Tie has established a baseline for each framework, not based on the compliance to the
EMARs, but on the regulatory organisations interaction with the technical regulatory framework.
The analysis and comparisons have highlighted that during recognition the Australian Defence Force
needs to examine the US Army’s assurance of maintenance, particularly conformance auditing, and
interrogate the mechanisms for assuring the design process due to a lack of independence. Further, the
ADF needs to understand the complex interaction of the multiple US DOD organisations employed
in oversight of the US Army technical regulatory framework. This would mean that the Australian
Defence Force would primarily focus on the US Army MARQ for the airworthiness authority and for
aircraft inspection, while still assessing US Army aircraft certification and production oversight.
The US should thoroughly critique Australia if production oversight is sought; however, it is more
probable that the US Army will present a reservation on production in recognising Australia. The
US Army can gain an understanding of interactions with design and maintenance based on compre-
hension of the organisational approval process underpinning the ADF regulatory framework. Greater
insight can be gained through a comparison of individual test points, particularly for those regulatory
activities where there is a difference in the test point independence scores of more than two or where
only one test point indicates regulator interaction. This would mean the US Army should focus on
the ADF MARQ for airworthiness authority and inspection with some interrogation of aircraft certi-
fication and an intensive examination on production, but only if it is deemed necessary and within the
required scope of recognition.
Through the utilisation of the PBP Bow-Tie the differences and motivations, or reasons, for those
differences have been identified and characterised. The outcome provides a platform for recognition
that will enable the Australian Defence Force and US Army to overcome the regulatory framework
uncertainty established through utilisation of the EMAD-R process. Now, during the next joint op-
eration or training exercise, the US Army can assure the US Senate that US DOD personnel flying
on Australian military aircraft are doing so at an equivalent level of safety to that of a flight on a
86
comparable US military aircraft. While the Australian Defence Force can identify mechanisms for
leveraging off US Army technical authority design attestations, and DCMA oversight of production
for the S-70A Blackhawk and CH-47 Chinook platforms. These are some examples of potential ben-
efits that the two militaries can expect after successful recognition built on the platform established
by the PBP Bow-Tie.
9.4.5 Summary
The application of the PBP Bow-Tie approach to the case-study comparison of the ADF and US
Army regulatory frameworks highlights these advantages. The recognition effort between the Aus-
tralian Defence Force and the US Army has been scoped and justified utilising the PBP Bow-Tie. Im-
portant technical regulatory framework implementation differences were highlighted and categorised.
The interaction of the regulatory organisations with design production and maintenance provided by
the PBP Bow-Tie serves to complement the MARQ. The MARQ provides evidence towards an as-
sessment of the competence of a MAA. The MARQ question set also identifies the airworthiness
instruments, inspection and certification intricacies not fully extracted from the PBP Bow-Tie.
The information presented in this Section will be tested for recognition between the two countries
in the near future, and some improvements or modifications may be required. However, the platform
for recognition established by the PBP Bow-Tie establishes a regulatory baseline for recognition. This
is required by the EMAD-R process and is absent for uncommon regulatory implementations.
9.5 Australian Defence Force and New Zealand Defence Force - Com-
parison for Recognition
The PBP Bow-Tie model was developed to facilitate recognition outside of the European Union. It
has arisen due a requirement for known compliance to the EMARs within the EMAD-R process. Due
to geographical proximity, the ADF and NZDF (two of the ASIC nations) established a recognition
agreement to serve two purposes. Firstly, progress recognition within ASIC following the UK MAA
and US Army recognition activity, and secondly, to establish the suitability of the PBP Bow-Tie as a
method of comparing regulatory frameworks for countries not on the EMARs.
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9.5.1 Initial Assessment
The assessment for the ADF is consistent with that developed, explained and analysed in Section
9.4. To assist in the symmetrical comparison the NZDF will be explained and analysed on one Iris
chart detailing the NZDF airworthiness system by technical lifecycle activity. In Figure 9.9 the PBP
Bow-Tie model scores for Defence are shown on the right-hand side, and Defence Industry (design,
production or maintenance performed under contract) shown on the left-hand side.
Figure 9.9: The NZDF Iris plot symmetrical comparison grouped by technical activity. Compared this way
civil regulator oversight of maintenance is immediately apparent.
The NZDF framework does not integrate defence and defence industry utilising the same mech-
anisms within the regulatory framework. The asymmetry of Figure 9.9 highlights the differences.
For instance, there is no organisational approvals for defence design organisations, indicated by the
lack of regulator scores within design process. From Figure 9.9, it can be observed that the NZDF
relies on the Civil Aviation Authority of New Zealand for oversight of the Defence Industry mainte-
nance organisations (indicated by the scores of five for defence industry) and, comparable to the ADF,
has limited oversight of production activities. While for defence the process integrity regulatory re-
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quirements are not an organisational approval, but a mandated maintenance process for all defence
organisations.
A systematic basis for comparison between the two regulatory frameworks is needed in order to
enable inter-agency recognition. An inter-agency recognition process should address any identified
differences between these two frameworks. Test point scores with differences of two (judged as sig-
nificantly different) or greater within their scores, or alternatively only one country indicates regulator
interaction for a test point.
9.5.2 Comparison of Regulatory Frameworks
In this section a brief overview of the differences between the regulatory frameworks for defence
and defence industry is provided. These differences are not outlined to prove that one regulatory
framework is better than the other, but identify where there are areas to be addressed as part of the
establishment of a process of mutual recognition between the ADF and NZDF. A detailed compar-
ison of the Iris plots generated for the two regulatory frameworks is performed. This comparison is
first made based on the activities undertaken by the Defence regulator (Figure 9.10) and then on the
activities out-sourced to Defence Industry (Figure 9.11).
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9.5.3 Regulatory Framework Differences for Defence Organisations
Figure 9.10: A symmetrical comparison for the ADF and NZDF regulatory framework for Defence
From Figure 9.10, it can be observed that there a number of differences in the test points scores
for the regulatory interaction by the ADF and NZDF. The ADF issues organisational approvals and
conducts compliance to regulations and conformance to processes (indicated by the series of scores
of four for design and maintenance process). The NZDF does not issue organisation approvals, and
only conducts conformance to the NZDF accepted engineering and maintenance publications. The
ADF does not offer regulatory controls for supply, while the NZDF define the product acceptability
requirements for supplied product (indicated by the regulator interaction at TP1.6 (design) and TP3.6
(maintenance) for NZDF). The NZDF set the required training standards for maintainers as a regula-
tory function but do not make a formal attestation of acceptability. The ADF do not set the required
standards through regulations, but they do require a formal attestation of acceptability (indicated by
the higher scores for Behaviour attestations in maintenance).
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9.5.4 Regulatory Differences for Contracted Organisations
Figure 9.11: A symmetrical comparison for the ADF and NZDF regulatory framework for Defence Industry
From Figure 9.11, it can be observed that there a number of differences in the test points scores
for the regulatory activities undertaken by contracted external organisations on behalf of the ADF
and NZDF. The NZDF relies on the New Zealand Civil Aviation Authority for oversight of design
and maintenance organisations, which is subject to requirements for expositions (indicated by scores
of five (external regulator)). Both the design and maintenance organisations can still be subject to
audits to confirm there are no contraventions to the intent of the NZDF engineering and maintenance
documents. The ADF treat Defence and Defence Industry the same with respect to exposition re-
quirements. The NZDF require similar product acceptability requirements on Defence Industry for
supplied product. The ADF and NZDF are comparable for production oversight, with neither provid-
ing regulatory interaction for production; they both rely on other organisations to oversight production
on their behalf.
A more detailed test-point to test-point comparison has been carried out, that is, each segment of
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the Iris plot is symmetrically compared (i.e. TP1.4 (right-hand side) is compared to TP1.4I (left-hand
side)) for the ADF and NZDF. As discussed, a difference in the respective independence scores of
greater than two (i.e. three, one), or where the scores dictate that one service provides a regulatory
attestation and the other does not (i.e. four, three), warrant particular interest. Importantly, a greater
independence does not indicate a better system but the fact that there is a difference that warrants
further examination.
9.5.5 Iris plot limitations
There are points of interest extracted during the PBP Bow-Tie model interrogation of the test points
that are not displayed visually in the Iris plot. For example, with regard to delegations of authority one
may note that most scores of three are from delegated authority; where a three indicates either a dis-
tinct management organisation or a person exercising a delegation of authority from the airworthiness
authority. Both the ADF and NZDF utilise formal delegated authority from the Technical Airworthi-
ness Authority (TAA) for design and maintenance decisions and attestations. The ADF has Design
Acceptance Representatives (DARs) and the NZDF has Delegate Engineering Authority (DEA) is-
sued to key personnel. Moreover, it has been shown that the Iris plot has no way of identifying the
different organisations involved in the regulatory framework attestations. These limitations, however,
can be covered during recognition dialogue and analysis of the Iris plots.
A detailed comparison of the Iris plots generated for the two regulatory frameworks is performed.
This comparison is first made based on the activities undertaken by Defence (Figure 9.10) and then
on the activities outsourced to the Defence Industry (Figure 9.11).
9.5.6 Detailed Comparison
In the interest of recognition there may be a requirement for a more detailed comparison. Where
analysis extracts some of the information captured in the assessment spreadsheet that is not displayed
in the Iris chart. As discussed independence scores greater than two different (i.e. 3, 1 or 4, 2 etc.), or
where the scores dictate that one military provides regulatory interaction and the other does not (i.e.
4, 3), will be examined. Importantly, a greater independence does not indicate a better system it only
indicates that there is a difference that warrants further examination and explanation.
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9.5.7 Detailed Comparison of the Defence Iris Chart - Refer to Figure 9.10
This subsection analyses the differences between the ADF and NZDF regulatory framework for
Defence. This analysis is based on Figure 9.10 and the information captured in the PBP Bow-Tie
assessment. The significant differences between the independence of the attestations for the ADF and
NZDF frameworks are captured in Table 9.1.
TP ADF NZDF Explanation
1.4 4 3 This test point relates to identification of product deficiencies and proposed
rectifications within design. The ADF elevates these outages to the TAA and
OAA for acceptance prior to certification (normally issue papers, approved
deviations, etc). The NZDF Prime DEA or Acquisition DEA handles outages
within Design. Of course, this can be handled at a lower level for minor design.
1.5 3 4 This test point relates to attestations of acceptability of product during design.
The ADF delegates this authority to the DAR, which is then verified by the
TAA and OAA if appropriate. The NZDF attestation is made by the TAA.
1.6 3 4 This test point relates to entry control for supplied product during design. The
ADF requires the Design Engineer to verify the product meets the design stan-
dard. The NZDF TAA regulates the required certification for acceptable prod-
uct. This is a common trend in product supply scores.
4.2 2 0 This test point relates to behavioural standards of design personnel. The ADF
requires the supervisors within the design agency to progressively monitor the
standards of personnel prior to attestations. The NZDF stipulates no require-
ment. This primary difference arises due to the relative control of NZDF staff
experience through career management of engineers. The lack of progressive
inspections is common within the NZDF, and serves more of a management
process than contributing to safety.
4.6 3 1 This test point relates to behavioural standards of supply personnel within de-
sign. The ADF manages training and training standards through respective
service management. Most service personnel receive a civilian accreditation
and training completion. The NZDF relies on self-assessed standards.
93
7.1 4 3 This test point relates to prescribing the required process standard for de-
sign. The ADF regulates the requirement for an Engineering Management
Plan (EMP – commensurate to an Engineering Exposition), with the required
content mandated. The NZDF does not organisationally approve Defence en-
gineering; they rely on mandatory processes for all engineers. This alternate
approach is not refined; with regulatory and process content combined within
the publications, the engineers are regularly overburdened without room to re-
fine the process. Importantly, the DCAMs are the publication sponsor, giving
a score of three. The NZDF are working to separate and distinguish regula-
tory requirements from sound practice. This regulatory difference in common
within process attestations.
7.2 4 0 The ADF TAR progressively inspects expositions to assure acceptability. The
NZDF does not utilise expositions for Defence and does not perform progres-
sive inspections.
7.3 4 3 The ADF TAR verifies the expositions against the standard, testing for accept-
ability. The DCAM manages acceptability of design process through publica-
tions for NZDF.
7.4 4 3 The ADF TAR identifies deficiencies in design process and proposes rectifica-
tions. The DCAM manages deficiencies within design process for NZDF.
7.5 4 3 The ADF TAR attests to design process acceptability in issuing an Engineer-
ing Approval Certificate to design organisations. The DCAM approves publi-
cations for design process for NZDF.
3.6 3 4 The ADF requires the SDE to identify approved product for maintenance. The
NZDF TAA prescribes certification requirements for product that is a regula-
tory requirement for verification prior to acceptance for maintenance.
6.1 3 4 The ADF technical capability management organisations for technical trades
prescribe the required training standards for maintenance personnel. The
NZDF TAA prescribes standards to the training organisations for Defence
maintainers.
6.6 3 1 The ADF training management prescribes the training management for supply
personnel. The NZDF relies on self-assessed standards.
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9.2 4 2 The ADF maintenance expositions are progressively inspected for acceptabil-
ity. The NZDF management perform progressive inspections of maintenance
process.
9.5 4 3 The ADF TAR attests to the acceptability of maintenance expositions. The
DCAM attests to the acceptability of maintenance process through sponsorship
of the publications dictating required process for the NZDF maintenance units.
Table 9.1: This table details the test points with significant differences between the ADF and NZDF
PBP Bow-Tie assessments for Defence and details an explanation
9.5.8 Detailed Comparison of the Defence Industry Iris Chart - Refer to Figure 9.11
This subsection analyses the differences between the ADF and NZDF regulatory framework for
Defence Industry. This analysis is based on Figure 9.11 and the information captured in the PBP
Bow-Tie assessment. The significant differences between the attestation levels for Defence industry
within the ADF and NZDF airworthiness frameowrks is captured in Table 9.2.
TP ADF NZDF Explanation
1.4 4 3 The ADF TAA and OAA manage and accept product deviations during de-
sign. Within the NZDF the Prime DEAs manage and accept. This test point is
consistent with TP1.4 for Defence.
1.5 3 4 Consistent with TP 1.5 for Defence. The DAR accepts the product for ADF
and the TAA for NZDF.
1.6 3 4 This difference is consistent with TP 1.6 for Defence. The SDE accepts prod-
uct based on design standards. The NZDF regulate certification requirements
for acceptable product.
4.2 2 0 This difference is consistent with TP 4.2 for Defence. The NZDF do not con-
duct progressive inspections on design personnel.
4.6 3 1 This difference is consistent with TP 4.6 for Defence. Supply of product.
7.2 4 0 This difference is consistent with TP 7.2 for Defence. Progressive inspections.
7.4 4 3 This difference is consistent with TP 7.4 for Defence. It relates to the handling
of deficiencies within design process.
3.6 3 4 This difference is consistent with TP 3.6 for Defence. This relates to the supply
of product in maintenance.
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6.4 1 3 This test point relates to handling of deficiencies with Defence Industry main-
tenance personnel. The ADF does not interact with Defence Industry training
requirements, relying on the Defence industry organisation to self-manage de-
ficiencies. The NZDF require civil Part 145 qualification and therefore handle
deficiencies through management.
6.5 3 5 The ADF relies on management organisations for attestations of acceptability
for Defence Industry maintainers. The NZDF has Part 145 oversight from their
Civil Aviation Authority (CAA).
9.2 4 2 The ADF progressively inspects maintenance expositions for acceptability of
Defence Industry. The CAA, on behalf of NZDF, do not do this, it is the role
of organisational management.
Table 9.2: This table details the test points with significant differences between the ADF and NZDF
PBP Bow-Tie assessments for Defence Industry and details an explanation
9.5.9 Areas of Focus for Recognition between the ADF and NZDF
Based on the analysis detailed in the previous sections, there are some key areas that each of the
Nations should focus on the recognition. Fortunately, there are a series of strong correlations within
the two frameworks that allow for use of common languages during the recognition. As previously
stated, and in contrast to the assessment of recognition between the ADF and the US Army, both the
ADF and NZDF utilise delegations of authority and similar airworthiness instruments. This paired
with the geographical proximity of the two nations, provides great motivation for recognition.
Both Nations need to understand that native production oversight is a comparable weakness of
each regulatory framework. In each case an acknowledgement of this weakness is required during the
recognition process.
The ADF needs to develop a further understanding of the differences for the design process. The
ADF framework utilises organisational approvals for both Defence and Defence Industry, the NZDF
framework does not (Defence Industry maintenance is approved by the CAA-NZ). This fundamental
difference in approach requires deeper investigation. Assisting this is the understanding of the del-
egation of authority similarities. Both system utilise empowered personnel within the airworthiness
framework. This single point of responsibility and accountability, supported by a quality management
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system and competent and qualified personnel, gives a common point of reference around which there
can be mutual acceptance of design and maintenance data and services.
The NZDF is required to develop similar understandings of the ADF framework. They must un-
derstand how the organisational approval system functions within the ADF airworthiness framework.
Further, the NZDF comprehension of how the ADF manages training and authorisation of personnel
and the control of supplied product. These are two areas in which the NZDF applies regulatory con-
trols and the ADF does not.
9.5.10 Summary
The PBP Bow-Tie and developed Iris charts have formed a platform for recognition between the
ADF and NZDF regulatory frameworks. The comparative analysis provided by the Iris charts sup-
ported by the detailed test point comparisons have highlighted the areas of significant difference
between the two frameworks. These differences are complemented by comparable airworthiness
mechanisms, and the recognition platform established by the PBP Bow-Tie assessment and Iris chart
analysis will complement the EMAD-R process.
9.6 Conclusion
It has been stated that the MARQ exchange does not provide a pass/fail test rather it is used to
paint a picture of an Authorities organisation, policy and regulation [58]. For MAAs without a known
compliance to the EMARs and who are required to use the EMAD-R process (e.g., ADF, NZDF, Can
DND, US DOD), the MARQ is the only platform available to make an assessment of the competence
of another MAA and the strength of its safety oversight. This is the situation for ASIC Nations. The
UK has proposed a process for External Recognition (as it is labelled within the EMAD-R) in their
recognition of the US Army. They have named it the NATO method and, in short, it excludes the
critical step of establishing a common baseline [60]. This means that the only formal information
exchange is the MARQ, which does not provide an understanding of the regulatory structure or reg-
ulator interaction with the design production or maintenance. While the UK MAA and US Army
have experienced success with this method, the process required greater reliance on gathered evi-
dence to support the MARQ. An alternative is the PBP Bow-Tie approach developed in this thesis.
The approach is quick and easy to complete and provides a comprehensive and systematic means
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of representing the subtle differences between airworthiness regulatory frameworks. The visualisa-
tion of the results, through the novel use of Iris plots, provides a powerful method of displaying and
comparing regulator interaction [87]. If used to complement the EMAD-R process, the amount of
uncertainty in the judgement required by the recognising MAA is reduced. It does not replace the
MARQ assessment process but serves to complement it.
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Chapter 10
Summation Analysis
10.1 Military Technical Airworthiness Primacy
Within each regulatory framework there are test point results that are singular and unique to that
framework. These distinguishing features warrant attention when examining a framework for recog-
nition. Analysis so far has covered assessment of five military airworthiness frameworks. These five
assessments have provided a data set in which summation data can be examined. That is, with five
data sets, it is possible to determine which of the test points, or attestations is most significant. This
determination will be provided through a summation of the independence levels derived from each
framework, for each of the 57 test points. Through this analysis, it is possible to determine which of
the test points are most likely to require independent regulatory control. Or, in what areas do some of
the larger Western militaries focus their regulatory controls, where is their primacy?
With the five military frameworks assessed there is a maximum possible accumulated score of 25
for any test point. However, results have shown that few regulatory frameworks attain a score of five
across multiple test points. The summation assessment for Defence will be discussed in Section 10.2
and the assessment for Defence Industry assessment in Section 10.3.
10.2 Summations for Defence Attestations
By summing the attestation scores for the Military technical regulatory frameworks a picture of
Global Military Defence regulation can be illustrated. This section identifies which of the test points,
as implemented by the five militaries, are most likely to have regulator interaction. Figure 10.1 illus-
trates the summation for Defence, of note, a value indicator has been added to Iris chart summation
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scores as the scale is now 0-25.
Figure 10.1: This Iris chart indicates the summation of all attestation indepndence scores for Defence across
the five militaries assessed
In Figure 10.1 the test point color intensity is structured so that the higher the value the darker
the colour. Understanding this, the test point that immediately stands out is TP1.1. With a score of
20.5, TP 1.1 indicates that all military regulators set design standards (as indicated in Section 2.6
the UK MAA are largely independent from the UK MOD and as such have been given a score of
4.5 for regulator interaction). To systematically assess the test points, the following paragraphs will
sequentially examine the scores greater than 15, indicated by the purple ring.
• TP1.1 to TP1.6: Product integrity in design; this is a common area for regulator interaction.
This underpins airworthiness, with standards for design among the first implemented for civil
airworthiness. The strongest regulator interaction is seen in TP 1.1, setting standards for design.
• TP2.4 and TP2.5: Product integrity in production; regulators most often interact with produc-
tion deficiencies and final attestations. This requires examination against contract and design
requirements prior to certification.
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• TP3.1 and TP 3.6: Product integrity in maintenance; a standard requirement of certification
of an aircraft design is generation of maintenance data for continued airworthiness. Therefore
there is consistent regulator interaction with TP3.1. Further, supply of aeronautical product
during maintenance is controlled through regulatory requirements.
• TP 4.1 and 4.3 to 4.5: Behaviour integrity in design; it is common for regulatory frameworks
to prescribe standards for design personnel. This is required for key personnel within approved
design organisations.
• TP5.1: Behaviour integrity in production; the regulatory frameworks that encompass produc-
tion (not ADF or NZDF) prescribe standards for key production personnel.
• TP6.1 and TP6.5 and TP 6.7: Behaviour integrity in maintenance; TP6.1 relates to regulatory
frameworks that prescribe standards for maintenance personnel. TP 6.5 relates to regulatory
frameworks that make attestation to the acceptability of maintenance personnel in meeting
the required standards. Lastly, TP 6.7 within maintenance is the only area with a defined
compounding factor (i.e. workplace, environment and human factors) management.
• TP7.1 and TP7.3 to 7.5: Process integrity in design; It is increasingly common for regulatory
frameworks to have organisational approvals, or require a design expositions. The regulator
interaction with approval of this requirement is visible in these test points.
• TP8.1 and TP8.5: Process integrity in production; While none of the assessed militaries ap-
prove production organisations, they do have mechanisms to assure production process. The
prescription of standards (TP 8.1) and attestation of acceptability for production process (TP
8.5) is indicated by these test points.
• TP9.1 and TP9.3 to TP9.5: Process integrity in maintenance; Consistent with design, many mil-
itaries utilise maintenance organisation approvals, requiring a maintenance exposition. These
expositions are processed by regulatory organisation.
The previous points highlight an even spread of focus for ASIC military airworthiness, with each
activity and integrity line mentioned, however the primary focus is with design. This is apparent
when examining the airworthiness frameworks in isolation, and understanding that regulatory control
over design was fundamental to legacy airworthiness systems. However, the amount in which all
airworthiness frameworks promote regulatory controls within design was underestimated. To further
highlight the primacy on design, the alternate Iris chart, shown in Figure 10.2, indicates that the
consistently highest scores are in design.
101
Figure 10.2: This Iris chart indicates the summation of all attestation independence scores for Defence across
the five militaries assessed, highlighting the primacy on Design
The next most significant bunching of regulatory interaction is in maintenance process. There is
an increasing requirement for maintenance organisation approvals. This mechanism exists in both of
the key civil regulators, but is not yet consistently applied throughout the Western militaries.
Interestingly, there is only one test point is which every military assessed applies regulatory con-
trols. TP1.1 describes the prescription of product standards within the technical life cycle activity of
design. This is fundamental to aircraft design with numerous international standards prescribed by
civil regulators and many by military regulators. In fact, internationally there will be very few aircraft
designs, including modifications, that are not against a design standard. There are some designs and
modifications that are not supported for aspects of military aviation, including stealth technology and
special forces modifications, however these are supported by robust design process and increased risk
tolerance.
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10.3 Summation for Defence Industry Attestations
As discussed in Section 9.3 there are many methods of including Defence Industry within a regu-
latory framework. This summation analysis will highlight where, and in some respects how, defence
industry are required to comply with regulatory controls. Figure 10.3 highlights the summation as-
sessment for Defence Industry.
Figure 10.3: This Iris chart indicates the summation of all attestation independence scores for Defence
Industry across the five militaries assessed
From Figure 10.3, it is clearly evident that all MAA regulatory frameworks focus on maintenance
processes undertaken by Defence Industry. This is due to a consistent requirement for defence in-
dustry maintenance organisations to be approved by the civil regulators, with all but one military
requiring it (the ADF perform their own approvals). Similarly, civil maintenance personnel are re-
quired to be trained by an approved training organisation and licensed by the civil regulator (again
the ADF is different). This is highlighted in maintenance behaviour, with the set and attest test points
receiving scores approaching 25.
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Also evident in Figure 10.3, and in contrast to Figure 10.2, is that there is a distinct lack of reg-
ulatory controls indicated for design. This appears uncharacteristic for regulatory frameworks that
typically rely on design controls. However, the US militaries do not provide a mechanism for defence
industry to directly input within design, there is no defence industry empowerment. They control all
design, interacting with defence industry in partnership, but the regulatory agency approves all design
data. This has resulted in the US Army and US Navy not having regulator interaction for design with
defence industry. This was highlighted for the US Army in Section 9.4 in comparison with the ADF
and is comparable for the US Navy.
This situation highlights the weakness of an aggregated perspective as it hides information specific
to individual MAAs. Where the US Army and US Navy have received independence scores of zero
for design for defence industry, in practice, the regulatory controls are applied by defence within the
regulatory organisation. So a score of zero is a reflection of how defence industry are included in the
framework, not the regulatory controls placed on design. This interesting facet of the US Military
regulatory framework is disingenuous to this type of assessment.
To provide a more accurate representation of the regulatory framework applied to defence industry,
the data were modified to reflect the scores of the US Army and US Navy. Where the score difference
was greater than 7, indicating regulatory controls on both parts, the difference was added to the score.
The adjusted Iris chart, which indicates the regulatory controls placed on defence industry, is shown
in Figure 10.4.
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Figure 10.4: This Iris chart indicates the summation of all attestation independence scores for Defence
Industry across the five militaries assessed, adjusted for the US Army and US Navy unique design controls
Similar to the analysis in Section 10.2, the test points will be discussed where the scores are greater
than 15.
• TP1.1 to TP1.6: Product integrity in design; as discussed this area has been modified to reflect
the US Army and US Navy controls, and when they are included, this area returns to a focus of
global military frameworks.
• TP2.1 and TP2.3 to TP 2.5: Product integrity in production; as seen in Figure 10.4 these are
only just beyond 15, indicating only a few of the regulatory frameworks utilise controls in
production.
• TP3.1 and TP 3.6: Product integrity in maintenance; regulatory controls here are prescribing
maintenance standards and standards for supplied aeronautical product.
• TP4.1: Behaviour integrity in design; Many regulatory frameworks prescribe standards for
design personnel including educational and professional standards.
• TP6.1 and TP 6.5: Behaviour integrity in maintenance; As explained earlier in the section,
maintenance personnel standards are controlled by the civil regulatory organisations through
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authorised training organisations and licensing.
• TP7.1: Process integrity in design; Some regulatory frameworks require organisational exposi-
tions for design process approvals. In this there is a regulatory control prescribing the standard
required for the design process or exposition.
• TP8.1 and TP8.5: Process integrity in production; Production processes are controlled through
regulatory frameworks for organisations (not ADF and NZDF) with production oversight.
• TP9.1 and TP9.3 to TP9.5: Process integrity in maintenance; All regulatory frameworks either
require internal organisational approvals or, more commonly, approvals through civil regulators
for maintenance expositions.
This analysis has highlighted that there are areas, indicated by dark blue (scores greater than 20),
that are consistently deferred to civil regulators. The scores that sit between 15 and 20 indicate that
some of the militaries implement regulatory controls. This is only apparent once the Iris chart has
been adjusted to compensate for the US militaries.
10.4 Discussion
This test point analysis describes the areas in which regulatory frameworks prescribe independent
controls. Accumulating a large enough data set enables analysis on how Western military airworthi-
ness is structured. The test points with accumulated scores greater than fifteen indicates that some of
the militaries require independent regulatory action within the airworthiness framework. This sum-
mation analysis provides a mechanism for examining the frameworks collectively.
Interestingly, the summation for Defence is largely consistent. If the analysis was extended to cover
a larger number of airworthiness frameworks, it is likely to converge on the 15-20 range (or scores of
3-4 for each organisation more accurately) even more closely. The areas in which the summation does
not yet meet this range are primarily areas in which independent controls are not expected. For in-
stance, progressive inspections on behaviours and maintenance. An area that is not well represented,
that is expected to be represented is within production. As highlighted in Figure 10.2, the summation
for production has more scores in the 10-15 range. This is one area that would converge on the 15-20
range, particularly if the additional frameworks have a native production industry.
Conversely, the summation plot for Defence industry, shown in Figure 10.3 was far from consistent.
The reason for this was explained by the lack of empowerment for defence industry by the two US
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militaries examined. However, the regulatory controls are in place for design, it is just that they exist
only internal to defence. For this reason an adjusted summation was displayed in Figure 10.4, giving
a indication of the controls that does not misrepresent the intent of the summation analysis. Figure
10.4 clearly indicates, utilising the darker colour fill, the areas in which civil regulatory controls are
placed on defence industry maintenance. However, similar to the summation analysis for defence,
there is a noticeable deficiency for production. This is due to the majority of militaries assessed not
having a native production industry.
This analysis has provided a mechanism for identifying the Western military primacy, noting which
areas are globally judged to require independent regulatory controls. The summation has highlighted
that globally design controls are of high importance. So much so, that in the two US militaries
assessed, they choose to retain all control. Further, there is a tendency for all defence industry main-
tenance to be controlled by the civil regulator, completely independent from defence. Lastly, there is
limited independent regulatory controls for production, both within defence and defence industry.
The next chapter will provide a different type of global analysis, comparing military airworthiness
frameworks to the two major civil regulators, the FAA and EASA regulatory frameworks.
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Chapter 11
Analytical Comparison of Frameworks
11.1 Motivation
In any system where there is an attached value to a metric, there is prevalence, particular for en-
gineers, to rank the assessments to identify which is best. This cannot happen for airworthiness. It
is unfair to state that due to an analysis based on the independence of the attestation, that one frame-
work out performs another. This is justified by the ultimate test of effectiveness of an airworthiness
framework, not by the attestation score, but in the number of accidents and incidents per flight hour.
This would give an indication of how safe an airworthiness framework is. However, accident and
incident data is not readily available, with militaries having no legal requirement to report them, they
are generally used as a non-publically available internal metric. In order to conduct some analysis on
the military frameworks, the assessments can be compared to the two primary civilian frameworks.
It has already been shown in Chapter 9 that utilising the Iris comparison charts for visual qualitative
assessment is simple and powerful. A method for critiquing each assessment that does not judge the
effectiveness of the framework, but numerically assesses it nonetheless, is a quantitative comparison.
Rather than compare the scores of each system, developing a false rank, the militaries are compared
to the civil frameworks.
In this analysis there are two tests conducted. Firstly, the scores are summated, developing a
histogram. That is, it illustrates the tendency of reliance for attestations, identifying where a majority
of the decisions are made. The second and more detailed analysis is based on comparing where the
civil systems require greater independence than the military airworthiness frameworks. This will be
explained with caveats in more detail later in this Chapter.
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Figure 11.1: Histogram plots showing the percentage of test points by the level of independence assigned to
the test points
In Figure 11.1 there is a clear visible difference in the civilian (blue plot) and defence (red plot)
framework distributions. Figure 11.1 (a), showing the civilian plot, is characterised by a skewed dis-
tribution with nearly 45% of the attestations made by the external regulator. In this case the FAA or
EASA. Conversely, the defence framework plot (11.1 (b)) is only slightly skewed towards the inter-
nal regulator. It was expected that there would be a greater number of scores of five by the civilian
regulator. They are legislatively supported and external to all of the regulated organisations, giving
them the greatest independence. Nearly 45% of the attestations across the test points are made by
the civil regulator and only 20% left to the practitioner or their supervisor. Conversely, the defence
frameworks rely on the regulators for only 36% of the attestations, with the practitioner or their su-
pervisor authorised to make 32.5% of the attestations of acceptability. It is worth nothing that the
distribution is likely to change shape with more civil frameworks assessed. This is because not all of
the civil airworthiness frameworks are as mature or as robust on the EASA and FAA.
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11.2 Analysis of Alignment to Civil Frameworks
The PBP Bow-Tie model provides a systematic means for describing and in-turn comparing dis-
parate regulatory frameworks. In this section analysis is presented which focusses on identifying
where the military frameworks achieve an independence score equal to the civil regulator. Now, it
was illustrated in Figure 11.1 that the civil regulator receives scores of five 45% of the time. While
the defence regulator receives scores of five only 3.5% of the time. This, is discussed throughout
the thesis, and is derived from the authority structure of military airworthiness authorities. They are
normally positioned within the authority framework of their military. This removes some of their
independence, requiring them to have some focus on the provision of capability. To enable a better
comparison the civil framework scores of five were reduced to four if the military framework did not
achieve an independence score of five. This aligns the comparison, giving a more accurate reflection
of regulator interaction.
The second comparison analyses where the military framework exceeds the requirements of the
civil framework. Looking at Figure 11.1 it is possible to identify that there is a greater percentage
of scores of four and three for militaries than there is for the civil regulators. Therefore, the second
comparison will focus on where the militaries independence exceeds that of the two civil regulatory
frameworks. This format of comparison is consistent throughout Section 11.3 for each of the mili-
taries with more detailed analysis.
In both these assessments the analysis is conducted for both Defence and Defence industry. Table
11.1 describes how each of the five militaries compares to the two civil regulators for defence and
defence industry. The second table 11.2 outlines were the militaries are equal to, or greater than, the
two civil regulators. This indicates the deficiencies of the military regulators in comparison to the
civil regulators. This details were there are independence differences.
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EASA FAA EASA FAA
Defence Defence
Defence
Industry
Defence
Industry
ADF 45.61 29.82 47.37 31.58
US Army 36.84 56.14 43.86 45.61
US Navy 45.61 50.88 28.07 33.33
UK MAA 49.12 31.58 61.40 40.35
NZDF 29.82 29.82 38.60 26.32
Table 11.1: Describes the number of test points (as a percentage) where militaries are equal to the
independence requirements of the two civil regulators, analyses Defence and Defence Industry.
Table 11.1 highlights that some of the militaries have a closer alignment to one of the civil regu-
lators than the other. For instance, the ADF is closer aligned to EASA while the US Army is closer
aligned to the FAA. The next point of reference is the differences between defence and defence in-
dustry. This serves to highlight where the differences of regulatory interaction are. For instance, the
ADF is comparable for defence and defence industry, highlighting that the mechanism employed for
regulating defence industry is consistent. Whereas, the comparison results for the UK MAA indicate
a greater commonality with EASA for defence industry.
In Table 11.2 the comparison is modified to identify where the militaries are greater than or equal
to the civil regulators. This highlights the percentage deficit of the military airworthiness framework
compared to the civil regulators. A score of 100% would indicate that the military is greater than
or equal to the civil regulatory framework. A score less than 100% indicates that there are areas in
which the military framework has less independence than the civil regulator.
EASA FAA EASA FAA
Defence Defence
Defence
Industry
Defence
Industry
ADF 56.14 49.12 56.14 49.12
US Army 61.40 77.19 59.65 56.14
US Navy 68.42 73.68 40.35 38.60
UK MAA 75.44 68.42 87.72 77.19
NZDF 35.09 38.60 43.86 38.60
Table 11.2: This table demonstrates what percentage of the military regulatory framework test point
attestations are greater than or equal to that required by the civil regulatory frameworks
The analysis highlighted in Table 11.2 illustrates that the military frameworks are closer to the
civil regulators than was illustrated in Table 11.1. For example the US Army framework is greater
than 77% common to the FAA for defence and the UK MAA regulatory framework is approaching
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90% common to EASA for oversight of defence industry. These two tables will be be replicated in the
following section for each of the militaries, but separated into analysis for the three technical lifecycle
activities; design, production and maintenance.
11.3 Detailed Examination
In this section the comparative analysis is broken down to the technical lifecycle activity for each
of the assessed militaries regulatory frameworks; design, production and maintenance. This high-
lights how the regulatory framework addresses each of these lifecycle activities, addressing how the
independence of the military compares to that of the civil regulators.
11.3.1 Australian Defence Force
This section will assess the ADF in two tables. The first table (Table 11.3) will highlight where
the ADF is equal to the requirements of the civil regulator. The second table details where the ADF
regulatory framework is greater than or equal to the civil regulator frameworks.
EASA FAA EASA FAA
ADF Defence Defence DefenceIndustry
Defence
Industry
Design 68.42 36.84 68.42 36.84
Production 26.32 10.53 26.32 10.53
Maintenance 42.11 42.11 47.37 47.37
Table 11.3: Displays where the ADF regulatory framework is equal to (percentage of test points) that
of the civil regulators; Design, Production and Maintenance
The analysis in Table 11.3 indicates stronger alignment for design within defence for the ADF
with EASA. Importantly, due to the mechanism the ADF has employed to include defence industry
within the regulatory framework there is equal commonality for both defence and defence industry.
There is a small difference for maintenance. The ADFs weak production oversight is evident by the
percentage small alignment percentage with the two civil regulators. Further, the common approach
for the civil regulators (both equivalent part 145 approvals for maintenance), is evident by the equal
commonality scores for both EASA and the FAA.
In Table 11.4 the analysis highlights where the ADF is equal to or exceeds the civil regulators.
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EASA FAA EASA FAA
ADF Defence Defence DefenceIndustry
Defence
Industry
Design 84.21 84.21 84.21 84.21
Production 26.32 10.53 26.32 10.53
Maintenance 57.89 52.63 57.89 52.63
Table 11.4: ADF Percentages; Design, Production and Maintenance - Equal and or greater
In this table the ADF percentages are elevated for design and maintenance. This indicates that the
ADF applies greater independence for the test points the civil regulators do not oversight. i.e. where
the civil regulator does not score a five, the ADF does apply greater independence than that required
by the civil regulator.
This analysis has highlighted that design oversight is a focus of the ADF, approaching 85% com-
monality or greater for attestations when compared with the two key civil regulators. the lack of
production regulations is obvious. Interestingly, even though the ADF employs a maintenance organ-
isation approval requirement consistent with part 145 approvals, it does not have a high commonality
with the civil regulators. This may be due to the primary responsibility being placed on the Senior
Maintenance Manager for many maintenance attestations rather than the airworthiness authority.
11.3.2 United States Army
This section will assess the US Army, the format of the assessment is consistent with the previous
section. Table 11.5 will identify how common the US Army is to the two civil regulators. Then Table
11.6 will identify the areas in which the US system is equal to or greater than the attestation for the
civil regulators.
EASA FAA EASA FAA
US
Army Defence Defence
Defence
Industry
Defence
Industry
Design 31.58 52.63 0.00 0.00
Production 31.58 52.63 42.11 57.89
Maintenance 47.37 63.16 89.47 78.95
Table 11.5: US Army Percentages; Design, Production and Maintenance - Equal
Table 11.5 identifies that the US Army has greater commonality with the FAA for Defence over-
sight. The US Army also has similar requirements for maintenance for defence industry. This is
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because the US Army requires the organisations to be part 145 authorised and should approach 100%
for the equal to or greater than comparison. Also shown in Table 11.5 is the lack of defence industry
design attestations. These attestations are made by the defence organisation and therefore the defence
industry scores will mirror those for defence.
In Table 11.6 the US Army will be contrasted to the two civil regulators to find the percentage of
test points in which the US Army is equal to or greater than the civil regulators.
EASA FAA EASA FAA
US
Army Defence Defence
Defence
Industry
Defence
Industry
Design 57.89 84.21 0.00 0.00
Production 73.68 78.95 84.21 84.21
Maintenance 52.63 68.42 94.74 84.21
Table 11.6: US Army Percentages; Design, Production and Maintenance - Equal, and or, Greater
In Table 11.6 the commonality with the FAA framework for defence attestations is again identifi-
able. The US Army has a higher attestation requirement for design and production for Defence and
as stated previously, the maintenance for defence industry approaches 100% alignment with EASA.
The last significant point is the large jump (30-40%) in commonality for production attestations. This
indicates that there are significant test points where the US Army and the assisting organisations (De-
fence Contract Management Agency (DCMA)) apply greater requirements than the civil regulators.
11.3.3 United States Navy
In this section the US Navy will be compared to the two key civil regulators to identify how
common the attestation requirements are for design, production and maintenance. This assessment is
highlighted in two tables. Table 11.7 indicates where the attestation requirements are equal, and Table
11.8 indicates what percentage of the attestations are equal to or greater than the two civil regulators.
EASA FAA EASA FAA
US
Navy Defence Defence
Defence
Industry
Defence
Industry
Design 57.89 47.37 0.00 0.00
Production 42.11 57.89 36.84 52.63
Maintenance 36.84 47.37 47.37 47.37
Table 11.7: US Navy Percentages; Design, Production and Maintenance - Equal
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Interestingly in Table 11.7 the US Navy is more closely aligned to EASA for design, and the FAA
for production and maintenance for defence. This means the US Navy have more similar attestation
requirements to the European system for design, which is unusual since the US Navy does not employ
organisational approvals. Similar to the US Army, the US Navy does not include defence industry
attestations for design, all design attestations are made by the defence organisations. Further, the US
Navy also applies part 145-like requirements for defence industry maintenance.
In Table 11.8 the US Navy regulatory framework will be checked against the two civil regulators to
identify the percentage of attestations that are equal to or greater than the two primary civil regulators.
EASA FAA EASA FAA
US
Navy Defence Defence
Defence
Industry
Defence
Industry
Design 78.95 89.47 0.00 0.00
Production 73.68 73.68 57.89 57.89
Maintenance 52.63 57.89 63.16 57.89
Table 11.8: US Navy Percentages; Design, Production and Maintenance - Equal, and or, Greater
The results of Table 11.8 identify that the design attestations are actually closer to the requirements
of the FAA. With the commonality approaching 90# for defence (and therefore the defence industry
design requirements) for the US Navy with FAA attestations, they are closely aligned. Again, there
are some smaller percentage increases from Table 11.7 derived from the increased attestation require-
ments for the US Navy.
11.3.4 United Kingdom Military Aviation Authority
In this section the United Kingdom Military Airworthiness Authority (UKMAA) will be compared
to the two key civil regulators to identify how common the attestation requirements are for design,
production and maintenance. This assessment is highlighted in two tables. Table 11.9 indicates where
the attestation requirements are equal, and Table 11.10 indicates what percentage of the attestations
are equal to or greater than the two civil regulators.
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EASA FAA EASA FAA
UK
MAA Defence Defence
Defence
Industry
Defence
Industry
Design 57.89 36.84 57.89 36.84
Production 52.63 21.05 52.63 21.05
Maintenance 36.84 36.84 73.68 63.16
Table 11.9: UK MAA Percentages; Design, Production and Maintenance - Equal
Not unexpectedly the UK MAA is more closely aligned to EASA than the FAA. In Table 11.9
it is easily visible that there are greater requirements placed on defence industry maintenance, with
the percentage of equal attestations much higher than that for defence. This is due to the UK MAA
maintenance approved organisation scheme for introducing defence industry maintenance providing
greater regulator interaction than for defence.
In Table 11.10 the comparison will highlight where the UK MAA attestations are equal to or greater
than the requirements of the two civil regulators.
EASA FAA EASA FAA
UK
MAA Defence Defence
Defence
Industry
Defence
Industry
Design 100.0 100.0 100.0 100.0
Production 78.95 57.89 78.95 57.89
Maintenance 47.37 47.37 84.21 73.68
Table 11.10: UK MAA Percentages; Design, Production and Maintenance - Equal, and or, Greater
From Table 11.10 the immediate point of reference is the UK MAA interaction with design. This
indicates that the UK MAA applies equal requirements (as close as possible for a military airworthi-
ness authority) as EASA and the FAA for design attestations. This is enabled through the UK MAA
design approved organisations scheme closely following the requirements for design organisations
within Europe and competent design personnel in the United States. There is also a strong correlation
to the requirements for production and the difference between maintenance requirements for defence
and defence industry is further emphasised.
11.3.5 New Zealand Defence Force
In this section the NZDF will be compared to the two key civil regulators to identify how common
the attestation requirements are for design, production and maintenance. This assessment is high-
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lighted in two tables. Table 11.11 indicates where the attestation requirements are equal, and Table
11.12 indicates what percentage of the attestations are equal to or greater than the two civil regulators.
EASA FAA EASA FAA
NZDF Defence Defence DefenceIndustry
Defence
Industry
Design 21.05 36.84 26.32 42.11
Production 26.32 10.53 26.32 10.53
Maintenance 42.11 42.11 52.63 42.11
Table 11.11: NZDF Percentages; Design, Production and Maintenance - Equal
In Table 11.11 it can be seen that the NZDF system do not achieve many equal attestation require-
ments for design and production. The NZDF do employ a design system which is more common
to the FAA, and like the ADF do not employ many production regulations. The NZDF maintenance
attestations are comparable for each of the civil regulators indicating similar requirements to part 145.
In Table 11.12 the comparison will highlight where the NZDF attestations are equal to or greater
than the requirements of the two civil regulators.
EASA FAA EASA FAA
NZDF Defence Defence DefenceIndustry
Defence
Industry
Design 36.84 63.16 52.63 63.16
Production 26.32 10.53 26.32 10.53
Maintenance 42.11 42.11 52.63 42.11
Table 11.12: NZDF Percentages; Design, Production and Maintenance - Equal, and or, Greater
Table 11.12 re-enforces the alignment with the FAA for design attestations. However, within design
is the only place that the NZDF applies greater independence than the civil regulators for some of the
test points (indicated by a percentage rise from Table 11.11). This is derived from the fact that
the NZDF are a small military. Having less authorised people reduces the levels of independence
available, with many of the key personnel performing multiple roles within the military.
11.4 Discussion
This section has highlighted the alignment of the militaries to the civil regulators. The primary
point is that the US militaries and the NZDF for design are more closely aligned to the FAA, whereas
the UK MAA and ADF are more closely aligned to EASA. This in centralised around the concept of
organisational approvals, a key difference between the EASA and the FAA. While all militaries utilise
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organisational approvals for defence industry maintenance. Only the UK MAA and the ADF utilise
organisational approvals for design and defence maintenance. This is evidenced through analysis
of the tables. This type of quantitative analysis supports the qualitative analysis of the Iris charts,
developing a rich picture of military airworthiness.
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Part IV
SUMMARY
DISCUSSION AND CONCLUSION
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Chapter 12
Research Discussion
The mechanisms currently utilised for assuring military technical airworthiness are varied and
complicated. They are based on defining and testing against appropriate standards. At the begin-
ning of this thesis a research aim was established. This aim, given below, established three clear
requirements; establish a foundation on which the research can be based, develop an impartial assess-
ment methodology and communicate the results of the assessments. These form the areas of novel
contribution.
In the absence of any precedence, this research needs to provide a holistic technical regula-
tory framework assessment method developed without prejudice, which communicates regulatory
framework differences in a manner that is easily understood.
With this aim in mind a review of Western military airworthiness frameworks highlighted different
areas of focus among the nations. Most significant is the disconnections between design certification
and maintenance in some frameworks. This was later characterised by the differences in regulatory
approach between organisations with geographic proximity to the FAA compared to those with imple-
mentations similar to EASA. Further, the importance of global military forums and working groups
focused on progressing military airworthiness understanding demonstrated the potential to influence
a significant portion of global aviation. This added significance to the findings of this research.
This research began with a foundation on Bow-Tie methodology. This methodology was cho-
sen primarily due to familiarity and its use within aviation safety management systems for accident
causality. However, due to the adaptation required to holistically address technical integrity. The
Bow-Tie methodology did not translate for the consequent mitigation barriers. Consequently, the re-
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search focused on the left-hand side of the PBP Bow-Tie, the preventative barriers. While this may
be a restriction of the chosen methodology, the focus of technical airworthiness is prevention, and
therefore the consequence mitigation is of less importance. However, there are barriers that exist to
reduce consequence of loss of technical integrity, these are standards for; life-support requirements,
ejection seats and crash protection etc.
The left-hand side of the PBP Bow-Tie, provided 57 test points. The number of test points can
be expanded to address significant issues agreed by participating organisations. For instance, a sig-
nificant method of assuring technical integrity within aviation is through oversight. Normally, the
regulator has a compliance program for checking the conformance of the regulated entities to the
regulations. This is an addition to the assessment that could add value to understanding the regulatory
framework. It was not consciously omitted from the original framework, it was not until assessment of
the US frameworks that the difference in regulatory approach highlighted that compliance should not
be accepted as a normal approach. However, this can be extracted from the assessment in its current
form. All organisational approvals within the technical regulatory framework will have a compliance
program, this is the EASA model of regulation. So while it is not an explicit test point it is captured.
In conducting the assessment of regulatory frameworks some key points were identified. It is not
always explicitly clear which score a framework should receive for a test point. The independence of
an attestation is slightly subjective along some of the scale. However, it is clear when the attestation
is made by an independent regulator. This means that the fidelity of the independence score is not
clear when the attestation is made internal to the regulated entity. However, there is greater regulatory
framework comprehension in understanding when an attestation is made by a regulatory organisation
or a regulated entity. A positive of the method of assessment is that it is quick to complete. The
longest assessment was performed via telephone and still taking less than two hours, on average the
assessment took 45 minutes. Further, the assessment captured two key points of data. The indepen-
dence of the attestation and the justification for that assessment. This allowed comparisons that were
seen in Sections 9.4 and 9.5. This most detailed comparison provides an effective and valuable com-
parison technique for informing recognition activities.
The visualisation created utilising a scripting language, required some initial manual data manip-
ulation and post-production of the image to produce the Iris charts seen in the thesis. However, in a
recent meeting of the ASIC airworthiness working group, the ability of the circular histogram repre-
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sentation of the Iris chart was commended as providing a powerful communication platform. As such,
the Iris chart and an explanation of the regulatory framework based on the charts will be included in
the ASIC publications describing a Nation’s regulatory framework. The Iris chart can be utilised to
provide two different representations of the same data, each offering a different perspective of the
regulatory framework. Utilising both methods and a symmetrical comparison, immediacy is given to
the differences between the regulatory frameworks.
It was demonstrated that globally, there is a greater focus on design within regulatory frameworks.
This has originated from a historical precedence from accidents arising from technical failures. How-
ever, with academics acknowledging that human factors and organisational influence are providing
more latent errors and the ever increasing financial and resource constraints. There has been a funda-
mental shift in regulatory philosophy away from a strong product integrity focus. In the EASA-like
regulators there is a trend of organisational approvals. In these approved organisations a single point
of responsibility is established supported by heavily monitored processes within a quality manage-
ment system. This removes the importance that each product meets the highest standard, it becomes
a derivative result. The right people, with the right processes will produce high quality product. This
highlights the fundamentally different philosophy of the two primary civil regulators. Again, it must
be stated that this method of assessment does not provide judgement, it does not state that one frame-
work is better or worse than the other, it simply provides a visual method for identifying where they
are different.
From a regulatory recognition perspective, the regulators with similar philosophies should have the
least amount of difficulty achieving recognition. If regulatory frameworks utilise organisational ap-
provals they are more likely to be comfortable with a similar approach within a different framework.
Conversely, where there is regulatory approaches that are disparate, recognition requires greater di-
alogue. In both of these situations, whether the regulatory approaches are aligned, the Iris chart
provides a mechanism for beginning the dialogue required for recognition. The ability to compre-
hend difference through visual identification is a primal ability. In each of the recognition efforts
undertaken so far, the Iris chart has provided a solid platform for discussing where frameworks are
different, and what areas the subsequent dialogue, guided by the MARQ, require the most discussion.
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12.1 Future Work
Future research in the area of regulatory framework recognition should aim at extending this
methodology to address the diversity of regulatory frameworks. As an introduction to extending
the methodology, an application for preventing loss of operational integrity for aircraft is shown in
Chapter 13. This discusses how you would extend the methodology by re-defining the lifecycle activ-
ities. Ideally the assessment and visualisations can be utilised in any regulatory framework utilising
independent regulators. This would again be novel research, as there is no other regulatory framework
assessment tools based on the loss of integrity. It could be applied to Nuclear, Financial, Medicine or
Environmental regulatory frameworks.
The next analytical test of the methodology should focus on civil regulatory frameworks. Unfortu-
nately, military accident and incident data is not available for assessment. However, civil regulators
are required by law to release accident and incident data. Therefore, a correlation may be drawn
between the degree of independence of attestations and the accident/incident rate of civil regulators.
This assessment could highlight which of the barriers are most significant and perhaps generate a
ranking system based on this quantitative assessment.
123
Chapter 13
Extending the Assessment - Beyond
Technical to Operational Integrity
The PBP Bow-Tie can be adapted to any regulatory framework by identifying a few key principles.
Nominally this involves developing a phased lifecycle approach following a simple mantra.
13.1 Defining the lifecycle of operations
In applying the bow-tie to any situation with this unique adaptation, it is important to identify the
phases or activities in the lifecycle. As noted in the technical domain; the concept is that the first stage
produces one, the next stage produces many, the last stage re-uses the many innumerable times.
Following this concept with aircraft operations, it fits that there should be one concept of operations
(CONOPS); this defines the configuration, role and environment of the item. Following development
of a singular concept of operation, many unique mission profiles can be planned. These will normally
number in the few to many. Lastly, the few too many mission profiles are executed over and over until
there is a disturbance or required change stimulated by management. This is illustrated in Figure 13.1
and the representation can be seen to closely mimic the technical representation. Further refinement
of this model can easily be incorporated.
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Figure 13.1: The lifecycle model applied to operations. Firstly, the operations need to be conceptualised, then
planned and finally executed. Management influences each phase.
This lifecycle adaptation places three phases to the operation lifecycle and follows the one, many,
innumerable mantra. There may be more identifiable activities that have not been immediately con-
sidered, and there is no prescription requiring exactly three phases. However, in this situation, these
three phases satisfy the requirements of operations, and areas of finesse have not been considered.
13.2 Contextualising the bow tie for operations
The bow tie is a method of representing likelihood limiting and consequence reducing barriers and
controls. When it is utilised in the technical domain, there are a greater number of likelihood barriers
than consequence controls. As with most heavily controlled domains, even non-technical, there is
a primacy of prevention. For instance, this is easily identifiable within the Health Industry where it
is preferable to prevent disease, illness or injury, rather than rely on remedial measures reducing the
consequence [3].
It is with this premise that technical regulation is provided. It is preferable that losses to technical
integrity are prevented rather than the consequences of those losses minimised. It should be noted that
there are technically prescribed controls, for example; there are crash protection standards, aircraft
egress standards, battle damage repair standards etc., but there is a verifiable reliance on prevention.
The same is not always true for operations. The CONOPS and subsequent mission profiles along
with rules for executing them provide several barriers to loss of operational integrity. But there are
many consequence limitations that are provided through product, behaviour and process controls, for
instance; audible warning systems, the operators instantaneous reaction to the warning and the pro-
cess the operator follows to correct a deviation from operational integrity.
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13.3 Identifying operational test points
Utilising the operational lifecycle concept and the previously determined axiomatic test points, the
barriers and controls are easily identified. Along the product line, and it must be carefully considered
that a product has functional and physical characteristics, in this case the operator is primarily pro-
viding or verifying the functional characteristics (depending on the lifecycle stage) and some of the
physical characteristics.
During the conceptualisation phase, the operator provides requirements for the required breadth of
operations (they set a standard), it is progressively verified and then it is tested against the informa-
tion provided to them. All of the deficiencies are captured and rectifications proposed or deficiencies
accepted. Finally, the concept of operation is attested to.
While this is occurring, a set of requirements (standard) of the person or organisation defining
the requirements of the CONOPS is set, and following the intermediate steps the suitable person is
attested as acceptable. This occurs through utilisation of an approved process that has followed the
same attestation path. This demonstrates the application of this methodology to operations and is
equally applicable during planning and execution.
Importantly, other requirements of management or governance surrounding deviations or required
modifications of the test points occur through escalating controls. For instance, a medically unfit
aircrew are identified as not meeting the behavioural standards or requirements set during the execute
phase. This deficiency can be managed through management defining a process required to remediate
this deficiency and return them to flight status. Importantly, this by itself is not considered a barrier
or control aimed at reducing likelihood or consequence. It provides increasing assurance, where it
is judged important enough to warrant, that factors that weaken aircrew authorisations for executing
missions, are supported through a management process, to prevent unfit aircrew from flying. Addi-
tionally, there is a management process for allowing unfit aircrew to re-integrate with the authorised
aircrew.
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13.4 Support Service and Incident/Accident Investigation
While the focus of the bow tie methodology has been technical integrity, it has been shown applica-
ble to operational integrity. Further application to support services and incident/accident investigation
should be demonstrable. Limited expertise and resources has hypothesised how they could be incor-
porated.
Support services are included in the bow-tie meta-model (Shown in Figure 13.3 at the end of the
chapter) because they directly interface with the aircraft. Working backwards from the interface the
service, for want of a better term, is produced. Further away from the aircraft the service was defined
as required. This develops a support service lifecycle model that is identifiable with the one, many,
innumerable mantra. Figure 13.2 illustrates this concept.
Figure 13.2: The support service lifecycle model, identifying with the one, many, innumerable mantra, con-
tinually influenced by the management processes and decisions
An area of conjecture within the bow-tie methodology is discerning if incident/accident investi-
gation is illustrated as a separate, critical area in the continuance of aircraft integrity. Or, if in fact,
it is incorporated as an escalating control within every one of the test points. This would mean that
at all stages, particularly those requiring final attestation would provide input into an investigation
network. That is, all areas within the lifecycle, along each of the integrity threat lines, provides input
to an independent body that makes recommendations for improving the strength of the barriers and
controls. Representing it in this way makes it harder to identify as an independent body, but does
integrate it in every facet that may adversely affect the integrity of the aircraft during operations.
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Figure 13.3: The bow-tie meta-model for aircraft integrity
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Chapter 14
Conclusions
14.1 Summary
This chapter will provide a summary of the research, providing a synopsis of the research pre-
sented in each of the chapters. It does not introduce any new material, but may reflect on the research
contributions in a way not presented in the chapters.
Ideally, research is supported by a generous amount of literature in the field. This academic work
helps identify the focuses of current research and identifies where there may be research gaps. In this
instance there is very little academic work in this field. The topic if military airworthiness manage-
ment frameworks is limited to individual national policy documents. There is one paper that sum-
marises the work of the United States Air Force and how this might contribute to the infant Chinese
military airworthiness framework [4]. This paper does not contribute significantly to global airwor-
thiness research and is more focused on lessons that can be learnt by the Chinese military.
Therefore, the initial focus of this research was developing a literature review of military airwor-
thiness. This analysis synthesised the policy documents of eight key western militaries (discussed in
Chapter 2). These military authorities collaborate through international forums and the structure of
these was discussed in Chapter 3. the review highlighted the importance of these key western mili-
taries with their input into several key global forums and working groups. They are able to influence
the future of military airworthiness, particularly methods of co-operation.
Building from the future of military airworthiness co-operation it was highlighted in Chapter 4 that
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there is need for a globally adopted platform for recognition. There are currently global efforts to
address this within the EDA, North Atlantic Treaty Organisation (NATO) and ASIC however each of
them have started disconnected. The interaction of these regulators has led to some alignment based
on the EDA recognition process documented in the EMAD-R. However, this document is not easily
applied outside of Europe because of its reliance on establishing a baseline on the approved EMARs.
This lack of a globally applicable baseline tool led to the research proposal that formed the basis
of this thesis. The baseline was developed based on accident causality methodologies. Again, there
is no research on utilising these methodologies to assess regulatory frameworks, just where the regu-
latory frameworks support prevention of accidents. To assist in the development of an airworthiness
framework assessment method a literature review on accident causality was carried out in Chapter 5.
A novel application of the Bow-Tie method for addressing the risk of losing technical integrity was
utilised to assess airworthiness frameworks. In developing this assessment framework a definition
of technical integrity was utilised based on product, behaviour (people) and process integrity. These
were utilised as the threat lines for a applied Bow-Tie model. The Product-Behaviour-Process (PBP)
Bow-Tie derivation was detailed in Chapter 6, importantly this research focused only on the preven-
tative barriers (the left hand-side of the PBP Bow-Tie).
This assessment was utilised and the resulting information provided an insight into the airworthi-
ness framework. However, the information capture did not communicate the details succinctly. To
assist in communicating the information a novel visualisation was utilised. The visualisation, called
the Iris chart, displays the independence of attestations throughout the airworthiness framework in
a circular histogram. Representing the information in this method enables visual quantification of
airworthiness framework, identifying the independent regulator interactions. The development of this
visualisation was highlighted in Chapter 7, and tested through assessment of two primary civil regu-
latory frameworks in Chapter 8.
A series of case studies illustrated the application of the assessment and visualisation to enabling
recognition between military airworthiness authorities. A detailed analysis of its use for recognition
between the US Army and the Australian Defence Force (ADF) was detailed in Section 9.4. Further
application of the PBP Bow-Tie and the Iris charts was shown in Section 9.5 for recognition between
the ADF and New Zealand Defence Force (NZDF). These applications highlighted how visual repre-
sentation of the gathered information provided a powerful recognition platform.
130
Utilising the PBP Bow-Tie assessment and iris charts for qualitative assessment was effective.
However, the acquired data could also be utilised for some quantitative assessment. The quantitative
assessment focused on identifying which of the PBP Bow-Tie test points were given global primacy
by the military airworthiness frameworks. That is, of the five military airworthiness frameworks are
there many common approaches, is it globally acknowledged that all military airworthiness regulators
will carry out certain attestations. This analysis is detailed in Chapter 10.
The quantitative analysis can be extended to compare the military airworthiness frameworks to the
two primary civil regulators; European Aviation Safety Agency (EASA) and Federal Aviation Admin-
istration (FAA). This assessment highlights just how comparable each of the military airworthiness
frameworks are to these regulators. This information was presented in a series of tables in Chapter 11.
In summary each of these chapters have contributed something novel to this field of research. The
development of a model and its application for assessing civil and military airworthiness frameworks
has been demonstrated both qualitatively and quantitatively. Each time presenting unique and valu-
able information that can be utilised by interested parties as a learning tool or for recognition of
another authority.
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14.2 Novel Research Contributions
This research developed several novel research contributions, in sequential order they are:
1. Development of a novel assessment method based on preventing loss of technical integrity
that could be utilised in any regulatory framework – fundamental is the derivation of 57
axiomatic test points;
2. Development of a unique and powerful visualisation method for the airworthiness frame-
work assessments called the Iris charts;
3. Verification of the ability of the model to offer comparison and provide a platform for
recognition.
4. Utilisation of the dataset to develop an appreciation of the military technical airworthiness
primacy utilising summation assessments; and
5. An analytical comparison of the five assessed military airworthiness frameworks against
the two primary civil regulators.
In a field that has limited precedence for academic research, most of the presented information is
novel. However, the above points are the most significant of the research findings. Four of the novel
contributions have been captured in academic literature and judged to have academic novelty and ac-
ceptability by peers in the field. This research has provided a substantial platform for future research
in the area of technical regulatory framework assessment and research.
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PBP Product-Behaviour-Process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
ICAO International Civil Aviation Organisation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
ASIC Air and Space interoperability Council . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
MAWA Military AirWorthiness Authorities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .33
EDA European Defence Agency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
NATO North Atlantic Treaty Organisation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130
EMAR European Military Airworthiness Requirement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
EMAD-R European Military Airworthiness Document - Recognition . . . . . . . . . . . . . . . . . . . . . . . . . 41
MARQ Military Airworthiness Requirements Question-set . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .80
USOAP Universal Safety Oversight Assurance Program. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
AED Aviation Engineering Directorate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .77
NZDF New Zealand Defence Force . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
JAA Joint Aviation Authority . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
DCMA Defence Contract Management Agency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
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UKMAA United Kingdom Military Airworthiness Authority . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
ARMS Aviation Resource Management Survey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
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Chapter 16
Bow Tie Test Points
This chapter details the test points utilised to assess a technical airworthiness framework. Every
one of the 57 test points are captured in the following 9 groupings. The groupings follow the PBP
Bow-Tie breakdown of technical activity and integrity line. Each of the 9 groupings require 6 or 7
questions that make up the attestations of acceptability. They are itemized below:
• Test Point 1 - Product Integrity in Design
• Test Point 2 - Product Integrity in Production
• Test Point 3 - Product Integrity in Maintenance
• Test Point 4 - Behavioural Integrity in Design
• Test Point 5 - Behavioural Integrity in Production
• Test Point 6 - Behavioural Integrity in Maintenance
• Test Point 7 - Process Integrity in Design
• Test Point 8 - Process Integrity in Production
• Test Point 9 - Process Integrity in Maintenance
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 PRODUCT - DESIGN 
1.1: Defining the Standard 
1.2: Progressive Inspections 
1.3: Assessing against the required standard 
1.4: Identifying deficiencies and rectifications 
1.5: Attestation of acceptability 
1.6: Supply 
TEST POINT 1 – Product Integrity in Design  
The purpose for this test point is to determine the level of independence associated with 
defining the applicable functional and physical design standard/s for a technical item, 
assuring integrity during product design. 
 
 
 
 
 
 
 
 
 
 
1.1: Defining the Standard 
Design standards and requirements have been prescribed for the physical and 
functional characteristics of the technical item to assure a reasonable level of 
safety. 
 
1.2: Progressive Inspections 
Progressive inspections of the design characteristics may be required to verify the 
prescribed physical and functional standards and requirements. 
 
1.3: Assessing against the required standard 
The physical and functional characteristics of the technical item design have been 
verified against the prescribed standards and requirements to assure a reasonable 
level of safety. Describe how and to what extent design standards and 
requirements have been verified 
 
1.4: Identifying deficiencies and rectifications 
Physical and functional deficiencies in the technical item design against the 
prescribed standards and requirements are escalated appropriately to assure a 
reasonable level of safety.  Describe how and to what extent functional and 
physical deficiencies that represent a hazard to a reasonable level of safety are 
controlled. 
 
1.5: Attestation of acceptability 
The technical items physical and functional characteristics, verified against the 
prescribed design standards and requirements, with accepted deviations and 
rectifications, to assure a reasonable level of safety for its intended purpose are 
attested. 
 
1.6: Supply 
During technical item design some parts and supplies are required. The physical 
and functional characteristics of these must be attested as acceptable, prior to 
integration into the technical item. 
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To verify the score for each of the test point requirements the following points 
are offered, for additional information refer to the Guidance Material: 
 
5 – To achieve this score the attestation is made by an independent regulatory 
organisation or person with authority underpinned by Government legislation. 
Alternatively, the regulatory organisation or person is fully independent from the 
owner/operator with independent lines of command. They are an external 
regulator. 
4 – To achieve this score the attestation is made by a regulatory organisation or 
person who is as independent as possible from the owner/operator, but still 
within the owner/operator lines of command. They are an internal regulator. 
3 – To achieve this score the attestation is made by a management organisation or 
person removed from the task/attestation development. 
2 – To achieve this score the attestation is made by a supervisor, organisation or a 
person who is independent from the task/attestation development. 
1 – To achieve this score the attestation is made the person charged with the 
responsibility for performing the task, the practitioner. 
N/A – This test point is not performed, or not applicable to the assessed 
regulatory framework. 
 
Product – Design; focused on understanding the steps taken within the regulatory 
framework to assure that the functional and physical characteristics of the design 
meet the defined standards. The level of independence associated with each 
attestation displays the characteristics of the regulatory frameworks.  
 
A score of five (5) is given to an attestation made by independent legislator or 
fully independent regulator. An example of this is an attestation of acceptability 
made by the civil aviation regulator (FAA, EASA). They are underpinned by 
legislation. Alternatively, there are independent organisations that have 
established regulatory frameworks completely independent from the capability 
managers. These can be Defence regulators that do not report to an 
owner/operator or executive within Defence or regulators such as quality 
standards (like ISO 9001) organisations. 
 
A score of four (4) is given to an internal Defence regulator. That is they are not 
fully independent and still have lines of command to the owner/operator. Most 
commonly in these regulatory frameworks the key regulatory person has dual 
responsibilities. That is, their focus is not purely regulation. 
 
A score of three (3) is given to a management organisation or personnel making 
an attestation. These organisation/personnel are within the owner/operator lines 
of command. Most commonly these organisations/personnel hold some 
delegation of authority within the regulatory framework and are making 
attestation on behalf of, or within the delegation/authorisation or approval of the 
regulatory authority.  
 
A score of two (2) is given to a supervisory organisation or person. Commonly 
this is a review of the practitioners work, giving it some independence but often 
within the same organisation. 
 
A score of one (1) is given to an attestation made by the practitioner. That is they 
are wholly responsible for the quality of their attestation. 
 
Verification 
Points 
Guidance 
Material 
Test Point 1  Page 2 of 3 
  
      
 PRODUCT - DESIGN 
It is important to understand that more or less independence does not indicate a 
better or worse regulatory framework. The level of independence is just a 
characteristic of the regulatory framework. By understanding the areas of a 
regulatory framework with which a regulatory organisation or person controls the 
attestation (scores of 5 and 4) compared to the enacting management, supervisor 
or practitioner (scores of 3, 2 or 1) comprehension of the framework is gathered. 
 
A graphical depiction of the independence metric is given below. 
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TEST POINT 2 – Product Integrity in Production  
The purpose for this test point is to determine whether the specific requirements and the 
production standard for the design are met, deficiencies are adequately dealt with and a 
sufficient level of safety is achieved for a technical item’s configuration, role and 
environment. 
 
 
 
 
 
 
 
 
 
 
2.1: Defining the Standard 
Production standards and requirements have been prescribed for the technical 
item to assure a reasonable level of safety. Describe how and to what extent 
production standards and requirements are prescribed. 
 
2.2: Progressive Inspections 
Progressive inspections of the production characteristics may be required against 
the prescribed standards and requirements and these inspections need to be 
verified. 
 
2.3: Assessing against the required standard 
The production characteristics of the technical item have been verified against 
the prescribed productions standards and requirements to assure a reasonable 
level of safety. Describe how and to what extent design standards and 
requirements have been verified. 
 
2.4: Identifying deficiencies and rectifications 
Production deficiencies identified during the technical item production are 
assessed against the prescribed standards and requirements which are escalated 
appropriately to assure a reasonable level of safety.  Describe how and to what 
extent functional and physical deficiencies that represent a hazard to a reasonable 
level of safety are controlled. 
 
2.5: Attestation of acceptability 
The technical items in production are verified against the prescribed production 
standards and requirements, with accepted deviations and rectifications, to assure 
a reasonable level of safety for its intended purpose are attested. 
 
2.6: Supply 
During technical item production, parts and supplies are required; the physical 
and functional characteristics of these must be attested as acceptable prior to 
integration into the technical item. 
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To verify the score for each of the test point requirements the following points 
are offered; for additional information refer to the Guidance Material: 
 
5 – To achieve this score the attestation is made by an independent regulatory 
organisation or person with authority underpinned by Government legislation. 
Alternatively, the regulatory organisation or person is fully independent from the 
owner/operator with independent lines of command. They are an external 
regulator. 
4 – To achieve this score the attestation is made by a regulatory organisation or 
person who is as independent as possible from the owner/operator, but still 
within the owner/operator lines of command. They are an internal regulator. 
3 – To achieve this score the attestation is made by a management organisation or 
person removed from the task/attestation development. 
2 – To achieve this score the attestation is made by a supervisor, organisation or a 
person who is independent from the task/attestation development. 
1 – To achieve this score the attestation is made the person charged with the 
responsibility for performing the task, the practitioner. 
N/A – This test point is not performed, or not applicable to the assessed 
regulatory framework. 
 
Product – Production; focused on understanding the steps taken within the 
regulatory framework to assure that the functional and physical characteristics of 
the produced technical item meets the defined standards. The level of 
independence associated with each attestation displays the characteristics of the 
regulatory frameworks.  
 
A score of five (5) is given to an attestation made by independent legislator or 
fully independent regulator. An example of this is an attestation of acceptability 
made by the civil aviation regulator (FAA, EASA). They are underpinned by 
legislation. Alternatively, there are independent organisations that have 
established regulatory frameworks completely independent from the capability 
managers. These can be Defence regulators that do not report to an 
owner/operator or executive within Defence or regulators such as quality 
standards (like ISO 9001) organisations. 
 
A score of four (4) is given to an internal Defence regulator. That is they are not 
fully independent and still have lines of command to the owner/operator. Most 
commonly in these regulatory frameworks the key regulatory person has dual 
responsibilities. That is, their focus is not purely regulation. 
 
A score of three (3) is given to a management organisation or personnel making 
an attestation. These organisation/personnel are within the owner/operator lines 
of command. Most commonly these organisations/personnel hold some 
delegation of authority within the regulatory framework and are making 
attestation on behalf of, or within the delegation/authorisation or approval of the 
regulatory authority.  
 
A score of two (2) is given to a supervisory organisation or person. Commonly 
this is a review of the practitioners work, giving it some independence but often 
within the same organisation. 
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A score of one (1) is given to an attestation made by the practitioner. That is they 
are wholly responsible for the quality of their attestation. 
 
It is important to understand that more or less independence does not indicate a 
better or worse regulatory framework. The level of independence is just a 
characteristic of the regulatory framework. By understanding the areas of a 
regulatory framework with which a regulatory organisation or person controls the 
attestation (scores of 5 and 4) compared to the enacting management, supervisor 
or practitioner (scores of 3, 2 or 1) comprehension of the framework is gathered. 
 
A graphical depiction of the independence metric is given below. 
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TEST POINT 3 – Product Integrity in Maintenance  
The purpose for this test point is to determine whether the item is being maintained to 
appropriate maintenance standards and requirements and the deficiencies have been 
adequately dealt with to ensure a sufficient level of safety is achieved for a technical 
item’s configuration, role and environment. 
 
 
 
 
 
 
 
 
 
 
3.1: Defining the Standard 
Maintenance standards and requirements have been prescribed for the technical 
item to assure a reasonable level of safety. Describe how and to what extent 
maintenance standards and requirements are prescribed. 
 
3.2: Progressive Inspections 
Immediate inspections of the maintenance characteristics may be required against 
the prescribed standards and requirements and these inspections need to be 
verified. 
 
3.3: Assessing against the required standard 
The maintenance characteristics of the technical item have been verified against 
the prescribed maintenance standards and requirements to ensure a reasonable 
level of safety. Describe how and to what extent design standards and 
requirements have been verified. 
 
3.4: Identifying deficiencies and rectifications 
Maintenance deficiencies identified during the technical item maintenance are 
assessed against the prescribed standards and requirements which are escalated 
appropriately to assure a reasonable level of safety.  Describe how and to what 
extent functional and physical deficiencies that represent a hazard to a reasonable 
level of safety are controlled. 
 
3.5: Attestation of acceptability 
The technical items in maintenance are verified against the prescribed 
maintenance standards and requirements, with accepted deviations and 
rectifications, to assure a reasonable level of safety for its intended purpose are 
attested. 
 
3.6: Supply 
During technical item maintenance, parts and supplies are required; the physical 
and functional characteristics of these must be attested as acceptable prior to 
integration into the technical item. 
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To verify the score for each of the test point requirements the following points 
are offered; for additional information refer to the Guidance Material: 
 
5 – To achieve this score the attestation is made by an independent regulatory 
organisation or person with authority underpinned by Government legislation. 
Alternatively, the regulatory organisation or person is fully independent from the 
owner/operator with independent lines of command. They are an external 
regulator. 
4 – To achieve this score the attestation is made by a regulatory organisation or 
person who is as independent as possible from the owner/operator, but still 
within the owner/operator lines of command. They are an internal regulator. 
3 – To achieve this score the attestation is made by a management organisation or 
person removed from the task/attestation development. 
2 – To achieve this score the attestation is made by a supervisor, organisation or a 
person who is independent from the task/attestation development. 
1 – To achieve this score the attestation is made the person charged with the 
responsibility for performing the task, the practitioner. 
N/A – This test point is not performed, or not applicable to the assessed 
regulatory framework. 
 
Product – Maintenance; focused on understanding the steps taken within the 
regulatory framework to assure that the functional and physical characteristics of 
the maintained technical item meets the defined standards. The level of 
independence associated with each attestation displays the characteristics of the 
regulatory frameworks.  
 
A score of five (5) is given to an attestation made by independent legislator or 
fully independent regulator. An example of this is an attestation of acceptability 
made by the civil aviation regulator (FAA, EASA). They are underpinned by 
legislation. Alternatively, there are independent organisations that have 
established regulatory frameworks completely independent from the capability 
managers. These can be Defence regulators that do not report to an 
owner/operator or executive within Defence or regulators such as quality 
standards (like ISO 9001) organisations. 
 
A score of four (4) is given to an internal Defence regulator. That is they are not 
fully independent and still have lines of command to the owner/operator. Most 
commonly in these regulatory frameworks the key regulatory person has dual 
responsibilities. That is, their focus is not purely regulation. 
 
A score of three (3) is given to a management organisation or personnel making 
an attestation. These organisation/personnel are within the owner/operator lines 
of command. Most commonly these organisations/personnel hold some 
delegation of authority within the regulatory framework and are making 
attestation on behalf of, or within the delegation/authorisation or approval of the 
regulatory authority.  
 
A score of two (2) is given to a supervisory organisation or person. Commonly 
this is a review of the practitioners work, giving it some independence but often 
within the same organisation. 
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A score of one (1) is given to an attestation made by the practitioner. That is they 
are wholly responsible for the quality of their attestation. 
 
It is important to understand that more or less independence does not indicate a 
better or worse regulatory framework. The level of independence is just a 
characteristic of the regulatory framework. By understanding the areas of a 
regulatory framework with which a regulatory organisation or person controls the 
attestation (scores of 5 and 4) compared to the enacting management, supervisor 
or practitioner (scores of 3, 2 or 1) comprehension of the framework is gathered. 
 
A graphical depiction of the independence metric is given below. 
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TEST POINT 4 – Personnel or Organisational Behaviour during Design  
The purpose for this test point is to determine whether the person involved in each step of 
design has met the required standards and requirements to perform their role in design of 
the technical item and the deficiencies have been adequately dealt with so as to retain a 
sufficient level of safety for decisions made by this person or organisation affecting 
technical item certification 
 
 
 
 
 
 
 
 
 
 
4.1: Defining the Standard 
Design personnel or organisational standards (Qualifications, Training and 
Experience (QTE) and any other relevant standard/requirement i.e. physical, 
medical, aptitude, honesty etc.) are prescribed for those having an immediate 
impact on safety of the aviation activity. Describe how and to what extent design 
standards and requirements are prescribed. 
 
4.2: Progressive Inspections 
Immediate inspections of the design personnel or organisational may be required 
to verify the achievement of the prescribed standards and requirements. 
 
4.3: Assessing against the required standard 
Design personnel and organisations standards are verified through assessment 
against the prescribed standards and requirements to assure a reasonable level of 
safety. Describe how and to what extent design personnel standards and 
requirements have been verified. 
 
4.4: Identifying deficiencies and rectifications 
Design personnel or organisations are assessed against the prescribed standards 
and requirements, and areas of deficiency are identified and escalated 
appropriately to assure no adverse impact on safety. 
 
4.5: Attestation of acceptability 
The design personnel or organisations are verified against the prescribed 
standards and requirements, with accepted deviations and rectifications, to assure 
no adverse impact on safety. 
 
4.6: Supply 
Does your airworthiness system provide an attestation of acceptability for 
personnel or organisations contributing to supply of product utilised during the 
design phase of the technical item? Is the system implemented from the supply 
personnel or organisation? Response should be in accordance with Defence and 
Defence Industry. 
 
4.7: Compounding factors 
Do you have systems in place for monitoring and controlling Compounding 
Factors like Human, Environmental and Cultural applications within design? 
Requirements 
Contents 
Rationale 
Test Point 4  Page 1 of 4 
 BEHAVIOUR - DESIGN 
To verify the score for each of the test point requirements the following points 
are offered; for additional information refer to the Guidance Material: 
 
5 – To achieve this score the attestation is made by an independent regulatory 
organisation or person with authority underpinned by Government legislation. 
Alternatively, the regulatory organisation or person is fully independent from the 
owner/operator with independent lines of command. They are an external 
regulator. 
4 – To achieve this score the attestation is made by a regulatory organisation or 
person who is as independent as possible from the owner/operator, but still 
within the owner/operator lines of command. They are an internal regulator. 
3 – To achieve this score the attestation is made by a management organisation or 
person removed from the task/attestation development. 
2 – To achieve this score the attestation is made by a supervisor, organisation or a 
person who is independent from the task/attestation development. 
1 – To achieve this score the attestation is made the person charged with the 
responsibility for performing the task, the practitioner. 
N/A – This test point is not performed, or not applicable to the assessed 
regulatory framework. 
 
Behaviour – Design; focuses on understanding the required standards for 
personnel involved in design of a technical item, verifying their qualifications, 
training and experience to make attestation of acceptability for technical item 
designs. The level of independence associated with each attestation displays the 
characteristics of the regulatory frameworks.  
 
A score of five (5) is given to an attestation made by independent legislator or 
fully independent regulator. An example of this is an attestation of acceptability 
made by the civil aviation regulator (FAA, EASA). They are underpinned by 
legislation. Alternatively, there are independent organisations that have 
established regulatory frameworks completely independent from the capability 
managers. These can be Defence regulators that do not report to an 
owner/operator or executive within Defence or regulators such as quality 
standards (like ISO 9001) organisations. 
 
A score of four (4) is given to an internal Defence regulator. That is they are not 
fully independent and still have lines of command to the owner/operator. Most 
commonly in these regulatory frameworks the key regulatory person has dual 
responsibilities. That is, their focus is not purely regulation. 
 
A score of three (3) is given to a management organisation or personnel making 
an attestation. These organisation/personnel are within the owner/operator lines 
of command. Most commonly these organisations/personnel hold some 
delegation of authority within the regulatory framework and are making 
attestation on behalf of, or within the delegation/authorisation or approval of the 
regulatory authority.  
 
A score of two (2) is given to a supervisory organisation or person. Commonly 
this is a review of the practitioners work, giving it some independence but often 
within the same organisation. 
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A score of one (1) is given to an attestation made by the practitioner. That is they 
are wholly responsible for the quality of their attestation. 
 
It is important to understand that more or less independence does not indicate a 
better or worse regulatory framework. The level of independence is just a 
characteristic of the regulatory framework. By understanding the areas of a 
regulatory framework with which a regulatory organisation or person controls the 
attestation (scores of 5 and 4) compared to the enacting management, supervisor 
or practitioner (scores of 3, 2 or 1) comprehension of the framework is gathered. 
 
A graphical depiction of the independence metric is given below. 
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TEST POINT 5 – Personnel or Organisational Behaviour during Production  
The purpose for this test point is to determine whether the person involved in each step of 
production has met the required standards and requirements to perform their role in 
design of the technical item and the deficiencies have been adequately dealt with so as to 
retain a sufficient level of safety for decisions made by this person or organisation 
affecting technical item certification. 
 
 
 
 
 
 
 
 
 
 
5.1: Defining the Standard 
Production personnel or organisational standards (Qualifications, Training and 
Experience (QTE) and any other relevant standard/requirement i.e. physical, 
medical, aptitude, honesty etc.) are prescribed for those having an immediate 
impact on safety of the aviation activity. Describe how and to what extent 
production standards and requirements are prescribed. 
 
5.2: Progressive Inspections 
Immediate inspections of the production personnel or organisational may be 
required to verify the achievement of the prescribed standards and requirements. 
 
5.3: Assessing against the required standard 
Production personnel and organisations standards are verified through assessment 
against the prescribed standards and requirements to assure a reasonable level of 
safety. Describe how and to what extent production personnel standards and 
requirements have been verified. 
 
5.4: Identifying deficiencies and rectifications 
Production personnel or organisations are assessed against the prescribed 
standards and requirements, and areas of deficiency are identified and escalated 
appropriately to assure no adverse impact on safety. 
 
5.5: Attestation of acceptability 
The production personnel or organisations are verified against the prescribed 
standards and requirements, with accepted deviations and rectifications, to assure 
no adverse impact on safety. 
 
5.6: Supply 
Does your airworthiness system provide an attestation of acceptability for 
personnel or organisations contributing to supply of product utilised during the 
production phase of the technical item? Is the system implemented from the 
supply personnel or organisation? Response should be in accordance with 
Defence and Defence Industry. 
 
5.7: Compounding factors 
Do you have systems in place for monitoring and controlling Compounding 
Factors like Human, Environmental and Cultural applications within production? 
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To verify the score for each of the test point requirements the following points 
are offered; for additional information refer to the Guidance Material: 
 
5 – To achieve this score the attestation is made by an independent regulatory 
organisation or person with authority underpinned by Government legislation. 
Alternatively, the regulatory organisation or person is fully independent from the 
owner/operator with independent lines of command. They are an external 
regulator. 
4 – To achieve this score the attestation is made by a regulatory organisation or 
person who is as independent as possible from the owner/operator, but still 
within the owner/operator lines of command. They are an internal regulator. 
3 – To achieve this score the attestation is made by a management organisation or 
person removed from the task/attestation development. 
2 – To achieve this score the attestation is made by a supervisor, organisation or a 
person who is independent from the task/attestation development. 
1 – To achieve this score the attestation is made the person charged with the 
responsibility for performing the task, the practitioner. 
N/A – This test point is not performed, or not applicable to the assessed 
regulatory framework. 
 
Behaviour – Production; focuses on understanding the required standards for 
personnel involved in production of a technical item, verifying their 
qualifications, training and experience to make attestations of acceptability for 
technical items production. The level of independence associated with each 
attestation displays the characteristics of the regulatory frameworks 
 
A score of five (5) is given to an attestation made by independent legislator or 
fully independent regulator. An example of this is an attestation of acceptability 
made by the civil aviation regulator (FAA, EASA). They are underpinned by 
legislation. Alternatively, there are independent organisations that have 
established regulatory frameworks completely independent from the capability 
managers. These can be Defence regulators that do not report to an 
owner/operator or executive within Defence or regulators such as quality 
standards (like ISO 9001) organisations. 
 
A score of four (4) is given to an internal Defence regulator. That is they are not 
fully independent and still have lines of command to the owner/operator. Most 
commonly in these regulatory frameworks the key regulatory person has dual 
responsibilities. That is, their focus is not purely regulation. 
 
A score of three (3) is given to a management organisation or personnel making 
an attestation. These organisation/personnel are within the owner/operator lines 
of command. Most commonly these organisations/personnel hold some 
delegation of authority within the regulatory framework and are making 
attestation on behalf of, or within the delegation/authorisation or approval of the 
regulatory authority.  
 
A score of two (2) is given to a supervisory organisation or person. Commonly 
this is a review of the practitioners work, giving it some independence but often 
within the same organisation. 
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A score of one (1) is given to an attestation made by the practitioner. That is they 
are wholly responsible for the quality of their attestation. 
 
It is important to understand that more or less independence does not indicate a 
better or worse regulatory framework. The level of independence is just a 
characteristic of the regulatory framework. By understanding the areas of a 
regulatory framework with which a regulatory organisation or person controls the 
attestation (scores of 5 and 4) compared to the enacting management, supervisor 
or practitioner (scores of 3, 2 or 1) comprehension of the framework is gathered. 
 
A graphical depiction of the independence metric is given below. 
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6.1: Defining the Standard 
6.2: Progressive Inspections 
6.3: Assessing against the required standard 
6.4: Identifying deficiencies and rectifications 
6.5: Attestation of acceptability 
6.6: Supply 
6.7: Compounding factors 
TEST POINT 6 – Personnel or Organisational Behaviour during Maintenance  
The purpose for this test point is to determine whether the person involved in each step of 
maintenance has met the required standards and requirements to perform their role in 
design of the technical item; and if not, that deficiencies have been adequately dealt with 
so as to retain a sufficient level of safety for decisions made by this person or 
organisation affecting technical item certification. 
 
 
 
 
 
 
 
 
 
 
 
6.1: Defining the Standard 
Maintenance personnel or organisational standards (Qualifications, Training and 
Experience (QTE) and any other relevant standard/requirement i.e. physical, 
medical, aptitude, honesty etc.) are prescribed for those having an immediate 
impact on safety of the aviation activity. Describe how and to what extent 
maintenance standards and requirements are prescribed. 
 
6.2: Progressive Inspections 
Immediate inspections of the maintenance personnel or organisational may be 
required to verify the achievement of the prescribed standards and requirements. 
 
6.3: Assessing against the required standard 
Maintenance personnel and organisations standards are verified through 
assessment against the prescribed standards and requirements to assure a 
reasonable level of safety. Describe how and to what extent maintenance 
personnel standards and requirements have been verified. 
 
6.4: Identifying deficiencies and rectifications 
Maintenance personnel or organisations are assessed against the prescribed 
standards and requirements, and areas of deficiency are identified and escalated 
appropriately to assure no adverse impact on safety. 
 
6.5: Attestation of acceptability 
The maintenance personnel or organisations are verified against the prescribed 
standards and requirements, with accepted deviations and rectifications, to assure 
no adverse impact on safety. 
 
6.6: Supply 
Does your airworthiness system provide an attestation of acceptability for 
personnel or organisations contributing to supply of maintenance  utilised during 
the production phase of the technical item? Is the system implemented from the 
supply personnel or organisation? Response should be in accordance with 
Defence and Defence Industry. 
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6.7: Compounding factors  
Do you have systems in place for monitoring and controlling Compounding 
Factors like Human, Environmental and Cultural applications within 
Maintenance? 
 
To verify the score for each of the test point requirements the following points 
are offered; for additional information refer to the Guidance Material: 
 
5 – To achieve this score the attestation is made by an independent regulatory 
organisation or person with authority underpinned by Government legislation. 
Alternatively, the regulatory organisation or person is fully independent from the 
owner/operator with independent lines of command. They are an external 
regulator. 
4 – To achieve this score the attestation is made by a regulatory organisation or 
person who is as independent as possible from the owner/operator, but still 
within the owner/operator lines of command. They are an internal regulator. 
3 – To achieve this score the attestation is made by a management organisation or 
person removed from the task/attestation development. 
2 – To achieve this score the attestation is made by a supervisor, organisation or a 
person who is independent from the task/attestation development. 
1 – To achieve this score the attestation is made the person charged with the 
responsibility for performing the task, the practitioner. 
N/A – This test point is not performed, or not applicable to the assessed 
regulatory framework. 
 
Behaviour – Maintenance; focuses on understanding the required standards 
for personnel involved  in maintenance of a technical item, verifying their 
qualifications, training and experience to make attestations of acceptability for 
technical items maintenance. The level of independence associated with each 
attestation displays the characteristics of the regulatory frameworks.  
 
A score of five (5) is given to an attestation made by independent legislator or 
fully independent regulator. An example of this is an attestation of acceptability 
made by the civil aviation regulator (FAA, EASA). They are underpinned by 
legislation. Alternatively, there are independent organisations that have 
established regulatory frameworks completely independent from the capability 
managers. These can be Defence regulators that do not report to an 
owner/operator or executive within Defence or regulators such as quality 
standards (like ISO 9001) organisations. 
 
A score of four (4) is given to an internal Defence regulator. That is they are not 
fully independent and still have lines of command to the owner/operator. Most 
commonly in these regulatory frameworks the key regulatory person has dual 
responsibilities. That is, their focus is not purely regulation. 
 
A score of three (3) is given to a management organisation or personnel making 
an attestation. These organisation/personnel are within the owner/operator lines 
of command. Most commonly these organisations/personnel hold some 
delegation of authority within the regulatory framework and are making 
attestation on behalf of, or within the delegation/authorisation or approval of the 
regulatory authority.  
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A score of two (2) is given to a supervisory organisation or person. Commonly 
this is a review of the practitioners work, giving it some independence but often 
within the same organisation. 
 
A score of one (1) is given to an attestation made by the practitioner. That is they 
are wholly responsible for the quality of their attestation. 
 
It is important to understand that more or less independence does not indicate a 
better or worse regulatory framework. The level of independence is just a 
characteristic of the regulatory framework. By understanding the areas of a 
regulatory framework with which a regulatory organisation or person controls the 
attestation (scores of 5 and 4) compared to the enacting management, supervisor 
or practitioner (scores of 3, 2 or 1) comprehension of the framework is gathered. 
 
A graphical depiction of the independence metric is given below. 
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 PROCESS - DESIGN 
7.1: Defining the Standard 
7.2: Progressive Inspections 
7.3: Assessing against the required standard 
7.4: Identifying deficiencies and rectifications 
7.5: Attestation of acceptability 
7.6: Supply 
TEST POINT 7 – Process In Design  
The purpose for this test point is to determine whether processes utilised during all steps 
of design have been certified as acceptable by an appropriate person or organisation  
and the deficiencies have been adequately dealt with so as to make assurance that the 
processes do not introduce any deficiencies affecting the safety of the technical item. 
 
 
 
 
 
 
 
 
 
 
 
7.1: Defining the Standard 
Design process standards and requirements are prescribed to provide assurance 
that the processes do not allow for introduction of factors that may compromise 
the safety of the technical item. 
 
7.2: Progressive Inspections 
Progressive inspection of the design processes may be used during development 
to test against the prescribed standards and requirements. 
 
7.3: Assessing against the required standard 
The design process is assessed against the prescribed standards and requirements 
to assure that no introduction of factors that may compromise the safety of the 
technical item. 
 
7.4: Identifying deficiencies and rectifications 
Design process is assessed against the prescribed standards and requirements and 
where applicable the deficiencies are identified and escalated appropriately to 
assure they do not introduce any factors that may compromise the safety of the 
technical item. 
 
7.5: Attestation of acceptability 
A design process is assessed against prescribed standards and requirements, with 
accepted deviations and rectifications, to assure they do not introduce any factors 
that may compromise the safety of the technical item. 
 
7.6: Supply 
Does your airworthiness system provide an attestation of acceptability for the 
process utilised for supply during the design phase of the technical item? Is the 
system implemented from the supply personnel or organisation? Response should 
be in accordance with Defence and Defence Industry. 
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To verify the score for each of the test point requirements the following points 
are offered; for additional information refer to the Guidance Material: 
 
5 – To achieve this score the attestation is made by an independent regulatory 
organisation or person with authority underpinned by Government legislation. 
Alternatively, the regulatory organisation or person is fully independent from the 
owner/operator with independent lines of command. They are an external 
regulator. 
4 – To achieve this score the attestation is made by a regulatory organisation or 
person who is as independent as possible from the owner/operator, but still 
within the owner/operator lines of command. They are an internal regulator. 
3 – To achieve this score the attestation is made by a management organisation or 
person removed from the task/attestation development. 
2 – To achieve this score the attestation is made by a supervisor, organisation or a 
person who is independent from the task/attestation development. 
1 – To achieve this score the attestation is made the person charged with the 
responsibility for performing the task, the practitioner. 
N/A – This test point is not performed, or not applicable to the assessed 
regulatory framework. 
 
Process – Design; focuses on understanding the process involved in all steps of 
the regulatory framework to ensure all attestation of acceptability by an 
appropriate person or organisation during the design phase. The level of 
independence associated with each attestation displays the characteristics of the 
regulatory frameworks.  
 
A score of five (5) is given to an attestation made by independent legislator or 
fully independent regulator. An example of this is an attestation of acceptability 
made by the civil aviation regulator (FAA, EASA). They are underpinned by 
legislation. Alternatively, there are independent organisations that have 
established regulatory frameworks completely independent from the capability 
managers. These can be Defence regulators that do not report to an 
owner/operator or executive within Defence or regulators such as quality 
standards (like ISO 9001) organisations. 
 
A score of four (4) is given to an internal Defence regulator. That is they are not 
fully independent and still have lines of command to the owner/operator. Most 
commonly in these regulatory frameworks the key regulatory person has dual 
responsibilities. That is, their focus is not purely regulation. 
 
A score of three (3) is given to a management organisation or personnel making 
an attestation. These organisation/personnel are within the owner/operator lines 
of command. Most commonly these organisations/personnel hold some 
delegation of authority within the regulatory framework and are making 
attestation on behalf of, or within the delegation/authorisation or approval of the 
regulatory authority.  
 
A score of two (2) is given to a supervisory organisation or person. Commonly 
this is a review of the practitioners work, giving it some independence but often 
within the same organisation. 
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A score of one (1) is given to an attestation made by the practitioner. That is they 
are wholly responsible for the quality of their attestation. 
 
It is important to understand that more or less independence does not indicate a 
better or worse regulatory framework. The level of independence is just a 
characteristic of the regulatory framework. By understanding the areas of a 
regulatory framework with which a regulatory organisation or person controls the 
attestation (scores of 5 and 4) compared to the enacting management, supervisor 
or practitioner (scores of 3, 2 or 1) comprehension of the framework is gathered. 
 
A graphical depiction of the independence metric is given below. 
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8.1: Defining the Standard 
8.2: Progressive Inspections 
8.3: Assessing against the required standard 
8.4: Identifying deficiencies and rectifications 
8.5: Attestation of acceptability 
8.6: Supply 
TEST POINT 8 – Process In Production  
The purpose for this test point is to determine whether processes utilised during all steps 
of production have been certified as acceptable by an appropriate person or organisation 
the deficiencies have been adequately dealt with so as to make assurance that the 
processes do not introduce any deficiencies affecting the safety of the technical item. 
 
 
 
 
 
 
 
 
 
 
 
8.1: Defining the Standard 
Production process standards and requirements are prescribed to provide 
assurance that the processes do not allow for introduction of factors that may 
compromise the safety of the technical item. 
 
8.2: Progressive Inspections 
Progressive inspection of the production processes may be used during 
development to test against the prescribed standards and requirements. 
 
8.3: Assessing against the required standard 
The production process is assessed against the prescribed standards and 
requirements to assure that no introduction of factors that may compromise the 
safety of the technical item. 
 
8.4: Identifying deficiencies and rectifications 
Production process is assessed against the prescribed standards and requirements 
and where applicable the deficiencies are identified and escalated appropriately 
to assure they do not introduce any factors that may compromise the safety of the 
technical item. 
 
8.5: Attestation of acceptability 
A production process is assessed against prescribed standards and requirements, 
with accepted deviations and rectifications, to assure they do not introduce any 
factors that may compromise the safety of the technical item. 
 
8.6: Supply 
Does your airworthiness system provide an attestation of acceptability for the 
process utilised for supply during the production phase of the technical item? Is 
the system implemented from the supply personnel or organisation? Response 
should be in accordance with Defence and Defence Industry. 
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To verify the score for each of the test point requirements the following points 
are offered; for additional information refer to the Guidance Material: 
 
5 – To achieve this score the attestation is made by an independent regulatory 
organisation or person with authority underpinned by Government legislation. 
Alternatively, the regulatory organisation or person is fully independent from the 
owner/operator with independent lines of command. They are an external 
regulator. 
4 – To achieve this score the attestation is made by a regulatory organisation or 
person who is as independent as possible from the owner/operator, but still 
within the owner/operator lines of command. They are an internal regulator. 
3 – To achieve this score the attestation is made by a management organisation or 
person removed from the task/attestation development. 
2 – To achieve this score the attestation is made by a supervisor, organisation or a 
person who is independent from the task/attestation development. 
1 – To achieve this score the attestation is made the person charged with the 
responsibility for performing the task, the practitioner. 
N/A – This test point is not performed, or not applicable to the assessed 
regulatory framework. 
 
Process – Production; focuses on understanding the process involved in all steps 
of the regulatory framework to ensure all attestation of acceptability by an 
appropriate person or organisation during the production phase. The level of 
independence associated with each attestation displays the characteristics of the 
regulatory frameworks.  
 
A score of five (5) is given to an attestation made by independent legislator or 
fully independent regulator. An example of this is an attestation of acceptability 
made by the civil aviation regulator (FAA, EASA). They are underpinned by 
legislation. Alternatively, there are independent organisations that have 
established regulatory frameworks completely independent from the capability 
managers. These can be Defence regulators that do not report to an 
owner/operator or executive within Defence or regulators such as quality 
standards (like ISO 9001) organisations. 
 
A score of four (4) is given to an internal Defence regulator. That is they are not 
fully independent and still have lines of command to the owner/operator. Most 
commonly in these regulatory frameworks the key regulatory person has dual 
responsibilities. That is, their focus is not purely regulation. 
 
A score of three (3) is given to a management organisation or personnel making 
an attestation. These organisation/personnel are within the owner/operator lines 
of command. Most commonly these organisations/personnel hold some 
delegation of authority within the regulatory framework and are making 
attestation on behalf of, or within the delegation/authorisation or approval of the 
regulatory authority.  
 
A score of two (2) is given to a supervisory organisation or person. Commonly 
this is a review of the practitioners work, giving it some independence but often 
within the same organisation. 
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A score of one (1) is given to an attestation made by the practitioner. That is they 
are wholly responsible for the quality of their attestation. 
 
It is important to understand that more or less independence does not indicate a 
better or worse regulatory framework. The level of independence is just a 
characteristic of the regulatory framework. By understanding the areas of a 
regulatory framework with which a regulatory organisation or person controls the 
attestation (scores of 5 and 4) compared to the enacting management, supervisor 
or practitioner (scores of 3, 2 or 1) comprehension of the framework is gathered. 
 
A graphical depiction of the independence metric is given below. 
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9.1: Defining the Standard 
9.2: Progressive Inspections 
9.3: Assessing against the required standard 
9.4: Identifying deficiencies and rectifications 
9.5: Attestation of acceptability 
9.6: Supply 
TEST POINT 9 – Process In Maintenance  
The purpose for this test point is to determine whether processes utilised during all steps 
of maintenance have been certified as acceptable by an appropriate person or 
organisation and the deficiencies have been adequately dealt with so as to make 
assurance that the processes do not introduce any deficiencies affecting the safety of the 
technical item. 
 
 
 
 
 
 
 
 
 
 
9.1: Defining the Standard 
Maintenance process standards and requirements are prescribed to provide 
assurance that the processes do not allow for introduction of factors that may 
compromise the safety of the technical item. 
 
8.2: Progressive Inspections 
Progressive inspection of the maintenance processes may be used during 
development to test against the prescribed standards and requirements. 
 
8.3: Assessing against the required standard 
The maintenance process is assessed against the prescribed standards and 
requirements to assure that no introduction of factors that may compromise the 
safety of the technical item. 
 
8.4: Identifying deficiencies and rectifications 
Maintenance process is assessed against the prescribed standards and 
requirements and where applicable the deficiencies are identified and escalated 
appropriately to assure they do not introduce any factors that may compromise 
the safety of the technical item. 
 
8.5: Attestation of acceptability 
A maintenance process is assessed against prescribed standards and 
requirements, with accepted deviations and rectifications, to assure they do not 
introduce any factors that may compromise the safety of the technical item. 
 
8.6: Supply 
Does your airworthiness system provide an attestation of acceptability for the 
process utilised for supply during the maintenance phase of the technical item? Is 
the system implemented from the supply personnel or organisation? Response 
should be in accordance with Defence and Defence Industry. 
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To verify the score for each of the test point requirements the following points 
are offered; for additional information refer to the Guidance Material: 
 
5 – To achieve this score the attestation is made by an independent regulatory 
organisation or person with authority underpinned by Government legislation. 
Alternatively, the regulatory organisation or person is fully independent from the 
owner/operator with independent lines of command. They are an external 
regulator. 
4 – To achieve this score the attestation is made by a regulatory organisation or 
person who is as independent as possible from the owner/operator, but still 
within the owner/operator lines of command. They are an internal regulator. 
3 – To achieve this score the attestation is made by a management organisation or 
person removed from the task/attestation development. 
2 – To achieve this score the attestation is made by a supervisor, organisation or a 
person who is independent from the task/attestation development. 
1 – To achieve this score the attestation is made the person charged with the 
responsibility for performing the task, the practitioner. 
N/A – This test point is not performed, or not applicable to the assessed 
regulatory framework. 
 
Process – Maintenance; focuses on understanding the process involved in all 
steps of the regulatory framework to ensure all attestation of acceptability by an 
appropriate person or organisation during the maintenance phase. The level of 
independence associated with each attestation displays the characteristics of the 
regulatory frameworks.  
 
A score of five (5) is given to an attestation made by independent legislator or 
fully independent regulator. An example of this is an attestation of acceptability 
made by the civil aviation regulator (FAA, EASA). They are underpinned by 
legislation. Alternatively, there are independent organisations that have 
established regulatory frameworks completely independent from the capability 
managers. These can be Defence regulators that do not report to an 
owner/operator or executive within Defence or regulators such as quality 
standards (like ISO 9001) organisations. 
 
A score of four (4) is given to an internal Defence regulator. That is they are not 
fully independent and still have lines of command to the owner/operator. Most 
commonly in these regulatory frameworks the key regulatory person has dual 
responsibilities. That is, their focus is not purely regulation. 
 
A score of three (3) is given to a management organisation or personnel making 
an attestation. These organisation/personnel are within the owner/operator lines 
of command. Most commonly these organisations/personnel hold some 
delegation of authority within the regulatory framework and are making 
attestation on behalf of, or within the delegation/authorisation or approval of the 
regulatory authority.  
 
A score of two (2) is given to a supervisory organisation or person. Commonly 
this is a review of the practitioners work, giving it some independence but often 
within the same organisation. 
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A score of one (1) is given to an attestation made by the practitioner. That is they 
are wholly responsible for the quality of their attestation. 
 
It is important to understand that more or less independence does not indicate a 
better or worse regulatory framework. The level of independence is just a 
characteristic of the regulatory framework. By understanding the areas of a 
regulatory framework with which a regulatory organisation or person controls the 
attestation (scores of 5 and 4) compared to the enacting management, supervisor 
or practitioner (scores of 3, 2 or 1) comprehension of the framework is gathered. 
 
A graphical depiction of the independence metric is given below. 
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Chapter 17
Example Bow-Tie Analysis by the UK
MAA for a Mid-Air Collision (MAC)
The Bow-Tie has many applications and adaptations. In Figures 5.2and 5.3 we discussed an exam-
ple that relates to a simple analysis of some of the barriers in place in driving a car. This simple ex-
ample illustrated the concepts of barriers, controls, escalating factors, escalating controls, top events,
threat lines and hazards. While this example is useful in introducing the concept on a topic that is
familiar to almost everyone, it is prudent to examine an aviation example. To identify that this tool
is widely utilised within aviation an example from where the United Kingdom Military Aviation Au-
thority (UK MAA) has utilised Bow-Tie analysis to treat an operational hazard, Mid-Air Collision, is
illustrated. This is an operational airworthiness treatment map, and while not directly applicable to the
thesis content, it does demonstrate the application within aviation and with an airworthiness aspect.
This example (and two others) are available from the UK MAA website [http://www.maa.mod.
uk/about/analysis_and_plans/bow_tie/bow_tie_example.htm], along with some text ex-
plaining the application of the Bow-Tie analysis.
For ease of viewing, noting the complexity and depth of the analysis, the figure has been separated into
the left-hand side (preventative) and right-hand side (reductive or mitigating). It is worth noting that in most
Bow-Tie analysis the left-hand side has far more content than the right-hand side; this arises from a natural
preference to stop the top event occurring, rather than apply many measure to treat the outcomes of that event
and reduce the impact.
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